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PREFACE 


This work is an outgrowth of an attempt by us to ease the burden of those 
in our laboratory engaged in organic syntheses. Since suitable directions for 
the preparation of a functional group attached to an invariant carbon chain 
are scattered throughout the literature, we undertook to compile procedures 
which we believe to be reliable as to yield and certainty of the structures 
produced. Some attention was paid to the problem of presenting specific 
laboratory directions for the many name reactions which are often presented 
only as a set of equations in textbooks. Thus, it is the purpose of this book to 
provide in a single volume a convenient source of modern procedures for the 
preparation of functional groups. 

The unique feature of this work is that each chapter deals with the pre- 
paration of a given functional group by various reaction types (condensation, 
elimination, oxidation, reduction) and a variety of starting materials and 
reagents. Detailed laboratory directions are given which are also represen- 
tative of a general class of procedures. To a limited extent indications of the 
scope of the reactions are presented. 

Since the primary synthetic object in most cases is to convert one functional 
group to another, the book serves as a guide to effect these changes. This work 
is not intended to be encyclopedic in nature nor to mention every available 
procedure ever published up to the date of this printing. Rather, it is a brief 
critical review; and because of the limitations of space, it was necessary to be 
selective in the choice of procedures cited. 7 

The procedures, for inclusion in this text, had to meet the following require- 
ments: (1) The procedures should be generally used for a wide range of organic 
structures. (2) The yield of product should be high. (3) The preparation 
should be relatively uncomplicated and should be able to be carried out in 
most laboratories. (4) The laboratory operations should be safe and free from 


the danger of explosion. 
Most of the preparations were taken from the recent literature; however, 


since several well-known classic reactions are included, the older literature in 

some cases was deemed satisfactory in light of recent developments. No 

attempt was made to include preparations with a 1966-1967 date just for the 

sake of having an up-to-date bibliography. The preparations were chosen 

solely for their ability to meet the four criteria mentioned above. The recent 
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literature is cited; and, where possible, methods showing wide applicability 
have been included. Otherwise, they are briefly mentioned as being worthy of 
further scrutiny. 

While information on the safety of various procedures is not always 
available, an effort was made to point out hazards, particularly toxicity and 
explosion hazards, of many of the reactions discussed. Unfortunately, we are 
not in a position to state that where no hazards are mentioned in connection 
with a given reaction, none exist. The literature abounds with examples of 
reactions that have been used for many years which, for reasons frequently 
not at all clear, suddenly lead to violent explosions. Also, the toxicity hazards 
of many reactants which have been used with impunity for years have only 
recently come to light. The extent to which this may be true of other materials 
cannot be stated at this time. 

In several cases the preparations have been repeated in our laboratory and 
supplementary information is given. In some cases unpublished information 
is cited where insufficient data is available in the literature. 

It should be emphasized that where possible chromatography should be used 
to check the purity and isomeric nature of the product. In some cases minor 
variations of a procedure will cause changes in the above factors. 

This book is also written with the hope that it will stimulate interest in the 
reader to reinvestigate several of the methods cited to either improve them or 
to aid in further extending their general applicability. 

We should like to take this opportunity to thank Dr. Samuel Loshaek, 
Director of Research and Development of The Borden Chemical Company, 
for his encouragement in the preparation of this work. We should also like to 
thank The Borden Company for permission to publish this work. We express 
our gratitude to our wives and our families for their patiencé, understanding, 
and encouragement at all stages of the preparation of the manuscript. 


duly, 1968 STANLEY R. SANDLER 
Wor Karo 
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1. INTRODUCTION 


Hydrocarbons are conveniently prepared in the laboratory by reduction, 
condensation, elimination, or hydrolysis reactions. Isomerization, oxidation, 
and photochemical reactions are less common on a preparative scale. 

The reduction methods depend on converting a given functional group to a 
methylene group. For example, olefins, aromatic rings, alcohols, aldehydes, 
ketones, and halides give hydrocarbons on reduction. These methods allow 
the preparation of hydrocarbons of known structure. The Clemmensen (zinc 
amalgam and hydrochloric acid) and Wolff-Kishner (hydrazine and base) 
methods can be used to reduce aldehydes and ketones. Catalytic hydrogena- 
tion methods can be used to reduce olefins and aromatic compounds. The 
catalytic hydrogenation method can also be used for ketones, provided that a 
high-pressure apparatus is available. Nickel and platinum are the most 
commonly used catalysts. 

Recently, the use of sodium borohydride and palladium chloride has been 
described for the reduction of olefins in excellent yields. The method is quite 
reliable and it has been applied as an analytical technique for the quantitative 
estimation of the degree ofi unsaturation of a compound or of a mixture. 


RCH=CH, + NaBH, “> RCHs—CH, @ 


Condensation reactions are used to synthesize a hydrocarbon from two or 
more compounds which may or may not be the same as described in Eq. (2) 


R-Y¥ + RX —> R—R + XY Q) 


where X or Y may be a hydrogen, halogen, diazo, or organometallic group. 
The Friedel-Crafts, the Wurtz, the Wurtz-Fittig, organometallic coupling, 
Ullmann, and Pschorr syntheses are some representative condensation reac- 
tions. The Friedel-Crafts reaction and the coupling of organometallics with 
halides are the most useful laboratory syntheses of hydrocarbons, especially 
branched-chain hydrocarbons such as neohexane. 

The hydrolysis of the Grignard reagent is a useful method of preparing 
hydrocarbons from halides, 


ROH x, RX my RMgX ass RH g) 
The yields by this method are usually excellent and pure hydrocarbons are 
obtained. The chloromethylation reaction can thus be used as a step in the 
addition of a methyl group to an aromatic nucleus. 
Carboxylic acids eliminate carbon dioxide when heated with soda lime or 
electrolyzed to produce paraffins (¥.olbe reaction). The former is a more 
useful method in the laboratory. 
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Aldehyde, diazo, and sulfuric acid groups are a few of the other groups 
which can be eliminated and replaced by hydrogen to give hydrocarbons. 

Cyclodehydration of aromatic alcohols and ketones give tetralins, anthra- 
cenes, phenanthrenes, and other ring systems. 

The Jacobsen reaction involves the isomerization by sulfuric acid of an 
aromatic system containing several alkyl halo groups to give vicinal deriva- 
tives. 

More recent procedures such as photochemical, oxidative, electrochemical, 
and other methods will be mentioned only briefly unless they have been shown 
to be of general synthetic applicability in the laboratory. (Several of the me- 
thods in the earlier literature are mentioned where appropriate since they are 
of a classical nature.) However, one should be cautious of reactions prior to 
the 1950's since vapor chromatography (VPC) and nuclear magnetic resonance 
(NMR) techniques were not available for the determination of the purity and 
structure of the products. Several research problems today are based on 
re-examining earlier reported research findings by VPC. 


2, REDUCTION REACTIONS 
A. Reduction of Unsaturated Compounds (Olefins) 


Olefins can be reduced by one of the following methods: Adkins catalytic 
hydrogenation [1], sodium borohydride and palladium chloride [2], tri- 
phenylsilane [3], triphenyltin hydride [4], and rhodium on alumina in the 
presence of hydrogen for halogenated olefins [5]. 

The platinum oxide catalyst is useful for hydrogenations of olefins at room 
temperature and low pressure [6]. On the other hand, Raney nickel requires 
high-pressure equipment [7]. 

Diimide [8—12] has also been used as a reducing agent for activated double 
bonds. The diimide is unstable and is therefore produced in situ by first 
oxidizing hydrazine or its derivatives in the presence of olefins. 


NV Ny 
aK, + NHa—NHs Base, S=CL + [INH=NH] — 
SJ LNS 
c= “C ~N a ~ 
KC nl AR © 
WEEN’ HH 


Olefins can also be hydroborated to organoboranes which are then con- 
verted to the hydrocarbon by refluxing with propionic acid [13]. This proce- 
dure is a convenient noncatalytic laboratery method for the hydrogenation of 
olefins. 
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3 RCH—CH, + NaBH, + BFy —> (RCH.CH.)oB HOH, 3 RCH.CHs (5) 

Terminal olefins are readily hydroborated but internal olefins require addi- 
tional reaction time and heating prior to refluxing with propionic acid. 
Substituents such as active sulfur, chlorine, and nitrogen are not affected by 
this hydrogenation procedure. 


2-1a. Conversion of 1-Hexene to n-Hexane by Hydroboration Method [13] 


3 CH»(CH,)s—-CH=CH + NaBH, + BF, ——> [CH3(CH,);CH2CH,]B (6) 
—> CH;(CH2)CHs 


To a three-necked flask equipped with a mechanical stirrer, dropping fun- 
nel, and reflux condenser with attached drying tube is added 16.8 gm (0.20 
mole) of 1-hexene and 2.0 gm of sodium borohydride (0.055 mole) in 55 ml of 
diglyme. While stirring under nitrogen 10.0 gm (0.075 mole) of boron tri- 
fluoride etherate in 25 ml of diglyme is added during a period of 1.5 hr. Then 
222 gm (0.3 mole) of propionic acid is added and the mixture is refluxed for 
2 hr while ether and the product distill over. The product is washed with 
sodium bicarbonate solution, then water, dried, and fractionally distilled to 
yield 15.6 gm (91%) of n-hexane, b.p. 68°-69°C (738 mm), m2° 1.3747. 


Fic. 1. Hydrogenation apparatus with automatic valve. [Reprinted from C. A, Brown 
and H. Cc Brown, J. Am. Chem. Sac. 84, 2829 (1962). Copyright 1962 by the American 
Chemical Society. Reprinted by permission ofithe copyright owner.] 
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Another reduction technique utilizing sodium borohydride is the in situ 
preparation of platinum black while hydrogen is evolved from the boro- 
hydride [14, 14a]. An active nickel catalyst [15] in the latter procedure has 
been found to be a very selective hydrogenation catalyst for the conversion of 
acetylenes to yield cis olefins [16]. In addition there has been developed a 
simple, pressure-activated device for controlling the rate of addition of the 
borohydride solution (Fig. 1). In this device a syringe barrel, or a buret fitted 
to a hypodermic needle, is inserted through a rubber serum cap into a mercury 
well to a depth adequate to support the column of borohydride solution. As 
hydrogen is utilized in the hydrogenation flask, the pressure drops 10 to 20 
mm below atmospheric, drawing a small quantity of the borohydride solution 
through the mercury seal where it rises to the top of the mercury and runs 
into the flask through the small vent holes located just above the mercury 
interface. The acidic solution in the flask hydrolyzes the borohydride and the 
resulting increase in pressure seals the valve. The addition proceeds smoothly 
to the completion of the hydrogenation, with the amount of the borohydride 
solution corresponding quantitatively to the amount of unsaturated com- 
pound contained in the flask. 


2-16. Hydrogenation of Diethyl Maleate to Diethyl Succinate [14a] 
HC—COOC,H; + NaBH, + Chloroplatinic acid —» Hs,C—COOC.Hs = (7) 
HC—COOC,Hs Hy ‘OOC.Hs 


The following procedure involving the hydrogenation of diethyl maleate 
is representative. In a 500 ml Erlenmeyer flask is placed 5 gm of Darco K-B 
carbon, 100 ml of anhydrous ethanol, and 5.0 ml of 0.20 M chloroplatinic acid 
solution, The system is assembled (Fig. 1) and the solution stirred vigorously 
by a magnetic stirrer as 20 ml of 1.0 M solution of sodium borohydride in 
ethanol is injected to reduce the catalyst. This is followed in approximately 
1 min by 25 ml of concentrated hydrochloric acid to decompose the boro- 
hydride and provide a hydrogen atmosphere. The reaction is initiated by 
injecting 81 cc, 86.0 gm of diethyl maleate. The reaction is complete in 60 to 
70 min. The reaction solution is filtered to remove catalyst, treated with 57, 
sodium bicarbonate, and extracted with methylene chloride. Distillation of 


the extract yields 77.6 gm (90% yield), of diethyl succinate, b.p. 103°-104.5°C 


(15 mm), ng? 1.4201. 

In some cases the presence of a strong acid, such as hydrochloric acid, may 
be undesirable. In such cases, acetic acid may be utilized, Moreover, by main- 
taining essentially anhydrous conditions in the hydrogenation flask, one can 
minimize solubility problems, encountered with higher hydrocarbons, 
terpenes, and steroids. This procedure is illustrated by the hydrogenation of 
f-pinene. 
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2-Ic. Hydrogenation of B-Pinene [14a] 


os. 


In the 250 ml flask is placed 5 gm of Darco K-B carbon, 100 ml of anhy- 
drous ethanol, and 5.0 ml of a 0.20 M solution of chloroplatinic acid in etha- 
nol. After addition of 20 ml of 1.0 M sodium borohydride in ethanol to reduce 
the catalyst, 10.0 ml of acetic acid is added. The hydrogenation is initiated by 
the addition of 78.5 ml, 68 gm, of (—)-8-pinene. There is isolated 60.0 gm 
(87%) of pinane, b.p. 164°-165.5°C (740 mm), mB? 1.4618, [o]2> — 21.3°. 


In some cases it might be desirable to generate hydrogen in one flask as the 
hydrogen is being absorbed in the hydrogenation flask. For large-scale 
hydrogenations this has the advantage of reducing the amounts of solvent 
which must be handled. The following procedure is representative. 


2-Id, Hydrogenation of Ethyl Oleate to Ethyl Stearate [14a] 
CH3(CHa)7 Oras 
Nexe’ ——> CH,(CHa):eCOOC,Hs (2) 
x A 

Hydrogen is generated by adding a 2.5 M solution of sodium borohydride 
in water to aqueous acetic acid in a generator fitted with the valve previously 
described. In the hydrogenation flask, a 500 mi Erlenmeyer with a stirrer, is 
placed 5 gm of carbon, 100 ml of ethanol, 5.0 ml of 0.20 M chloroplatinic acid 
in ethanol, and 20 ml of 1.0 M sodium borohydride in ethanol. Ethy! oleate, 
179 ml (155 gm), is added, and the flask connected to the generator. The sys- 
tem is flushed with hydrogen from the generator, acetic acid (10.0 ml) is 
injected into the hydrogenation flask, and the hydrogenation allowed to pro- 
ceed, The reaction is complete in 2 hr. The solution is filtered, and added 
slowly to ice water to recover ethyl stearate, m.p. 32°-33°C, in 91%, yield. 

The procedure has been applied successfully to the hydrogenation of 500 gm 
of ethyl oleate, using a | liter flask with a larger quantity of catalyst [14a]. 


The controlled generation of hydrogen should be very helpful even in cases 
where it is desired to follow literature procedures for hydrogenations. For 
example, the hydrogenation of cholesterol is a capricious reaction. However, 
Hershberg et al. reported that the erratic tendencies of this reaction could be 
overcome by performing the hydrogenation with platinic oxide in ethyl 


; 
t 


Fic. 2, Commercial form of the H. C. Brown hydrogenator. (Reproduced by permis- 
sion of the Delmar Scientific. Laboratories, Inc., Maywood, Ilioois.) 
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acetate in the presence of a small quantity of perchloric acid. The reaction 
was carried out (on a scale 1/150 that described) utilizing the automatic 
hydrogen generator. The reaction required approximately 1 hr for comple- 
tion. By doubling the amount of platinic oxide, the hydrogenation was com- 
plete in 20 min. 

These new procedures should greatly facilitate laboratory-scale hydro- 
genations. The technique is also proving valuable for chemical analysis and 
for following the rates of hydrogenation. 

Other compounds that can easily be hydrogenated under similar conditions 
are 1-octene, 4-methylcyclohexene, 1,5,9-cyclododecatriene, and many others. 

A commercial form of the apparatus shown in Fig. 1 is now available from 
the Delmar Scientific Laboratories, Inc., 317 Madison Street, Maywood, 
Illinois and is shown in Figs. 2 and 3.* 


Fic. 3. Diagram of the H. C. Brown hydrogenator. A, Buret with Luer—Lok attach- 
ment provides addition of sodium borohydride solution; B, modified Erlenmeyer flask is 
used for hydrogenation and for hydrogen generation; C, Brown pressure control bubbler 
prevents pressure buildup within the system; D, Brown automatic hydrogen inlet 
adapted supplies hydrogen to the reaction flask where hydrogenation takes place; 
£, Brown automatic hydrogenator valve delivers sodium borohydride only as the system 
requires hydrogen for hydrogenation of the organic compound, 


B. Reduction of Aromatic Compounds 

Aromatic compounds are quantitatively converted to cyclohexanes by 
catalytic hydrogenation, Platinum catalysts effect reduction at room tempera~ 
ture [17, 18] whereas nickel catalysts require 100°-200°C: [19, 20]. Isomeriza- 


* Procedures 2-1a to 2-1d are reprinted from C. A. Brown and H. C, Brown, J. Am, 
Chem. Soc. 84, 2829-2830 (1962). Copyright 1962 by the American Chemical Society. 
Reprinted by permission of the copyright owner. 
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tion occurs using nickel catalysts at 170°C [21]. The Birch reduction of aro- 
matic compounds to 1,4-dihydroaromatic compounds is discussed in Chapter 


2, Section 4, 
(a) 
O O Oo 


C. Reduction of Carbonyl Compounds 


R—C-R ™s RCH, a 

Since the Friedel-Crafts reaction usually yields a mixture of isomers on 
alkylation of benzene, the reduction of the pure alkyl aryl ketone is a more 
practical and reliable method for the preparation of pure di- and polyalkyl- 
benzenes. 

The most commonly employed laboratory methods for the reduction of 
aldehydes and ketones to hydrocarbons are (1) the Wolff-Kishner method 
utilizing hydrazine in the presence of base [22-24]; (2) the Clemmensen 
method utilizing zinc and hydrochloric acid [25]; and (3) catalytic hydrogena- 
tion utilizing a metal catalyst and hydrogen [26, 27]. The latter procedure is 
convenient only if high-pressure equipment is available. A copper oxide- 
aluminum catalyst (94% CuO, 6% Al,Oz) has been described for this purpose 
[27]. 

a. THE WOLFF~KISHNER METHOD 


The Wolff-Kishner [23, 24, 28] procedure depends on reacting an aldehyde 
or ketone with hydrazine in the presence of base to yield the corresponding 
hydrocarbon. 


RR’C=0 + H,N--NH; + KOH ——» RR’—CH2 (12) 


Semicarbazones or azines undergo the same reaction upon being heated with 
base. 

Huang-Minlon [29--31] modified and improved the original procedure by 
using diethylene glycol as a reaction medium at 180°-200°C at atmospheric 
pressure for 2-4 hr to obtain 60-90% yields of hydrocarbon products. It 
should be mentioned that aromatic nitro compounds yield amines in this 
procedure. 

Steric effects influence the efficiency of reaction in many cases. For example 
2,3,5,6-tetramethylacetophenone is not reduced whereas the 2,3,4,5-isomer 
gives 75%, reduction to the corresponding ethylbenzene [32]. A special pro- 
cedure for sterically hindered ketones has recently been published which is 
especially useful for 11-oxo steroids [33]. 
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Cram and co-workers [34] added the pure aldehyde or ketone hydrazones 
slowly to a potassium hydroxide solution in dimethyl sulfoxide over a period 
of 8 hr at 25°C and found that yields of the methylene compound varied from 
65%, to 90% with some azine as a by-product. The procedure has the advan- 
tage that a reaction temperature of only 25°C is required. However, the dis- 
advantage is that the pure hydrazones have to first be isolated. 


2-2. Preparation of 2-(n-Octyl) naphthalene Using the Huang-Minlon Method 
BSI re) 


| 
—CH,(CH,)sCHs NH2—-NHy 
“Na+ diethylene glyco!” 
P—N—NH, hive 'Ha(CH,)eCHy (13) 
CH,(CH.),CH, 7 


To a reaction flask containing a solution of 25 gm of sodium in 700 ml of 
diethylene glycol is added 100 gm ofi2-naphthyl heptyl ketone and 50 ml of 
90%, hydrazine hydrate. The mixture is heated for 3 hr under reflux to form 
the hydrazone and then for an additional 12 hr at 220°C. During this period, 
the upper layer changes color from orange-red to almost colorless, The mix- 
ture is cooled, acidified with dilute hydrochloric acid, and extracted with 
benzene, The benzene layer is concentrated and the residue is crystallized from 
acetone at —60°C to yield 75% of 2-(n-octyl)naphthalene, m.p, 13°C. In 
order to obtain purer products, it is recommended that the crude product be 
distilled under reduced pressure first and then recrystallized. 


b. THE CLEMMENSEN METHOD 


The Clemmensen reaction [25] of carbonyl compounds, which requires 
refluxing for 1-2 days with amalgamated zinc (from 100 gm of mossy zinc, 
5 gm mercuric chloride, 5 ml ofi concentrated hydrochloric acid, and 100- 
150 ml water) and hydrochloric acid yields hydrocarbons. 


RR‘C=<0 + Zn(Hg) + HCl —-> RR’CH, (14) 


The yields of paraffins [36-39] and alicyclic hydrocarbons are poor and the 
products are frequently contaminated with olefins [40]. Aromatic ketones are 
reduced in much better yields [41]. 


2-3. Preparation of 2-(n-Octyl) naphthalene (35) 


9 
I 


Cris Haz 
+ Zn + HCl ——+ (ay 
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Naphthyl heptyl ketone (20 gm) is added to a mixture of 100 gm of granu- 
lated amalgamated zinc, 100 ml of concentrated hydrochloric acid, and 75 ml 
of water. The mixture is refluxed for 18 hr. During this time an additional 90 
ml of acid is added every 6 hr. The reaction mixture is cooled, decanted from 
the zine, and the residue is washed with benzene. The reaction mixture is ex- 
tracted with benzene and the combined extracts are washed with water, dried, 
and concentrated. The residue is then recrystallized from acetone at —60°C 
to yield 58% of 2-(n-octyl)naphthalene, m.p. 13°C. Purer products are ob- 
tained by a distillation of the product prior to recrystallization. 


D. Reduction of Alcohols 


ROH 2, RH (16) 


Alcohols are ordinarily reduced by hydrogenolysis over a metallic catalyst 
such as cobalt on alumina [42] or vanadium pentoxide on aluminum oxide 
at about 300°C [43]. Sodium in liquid ammonia can reduce alcohol groups 
alpha to an aromatic ring [44]. Recently, chloroaluminum hydrides [45] have 
been used in the absence of hydrogen gas to reduce alcohols. This procedure 
is only of limited value since wholly aliphatic secondary and tertiary alcohols 
give some reduction but large amounts of olefins are formed. Migration of 
phenyl substituents is also common with this latter reducing system. 


2-4. Catalytic High-Pressure Hydrogenolysis of 2,2,3-Trimethyl-l-butanol to 
2,2,3-Trimethylbutane [42] 


CHa CHs CHs CH 
225 
CH.dH—G—CH,OH + Ha + CO—ALOs — cucu €—CHe an 
Ha CHs 


To a stainless steel shaker bomb is added 100 gm of 2,2,3-trimethyl-1- 
butanol and 20 gm of cobalt-on-alumina catalyst. The bomb is closed, pres- 
surized with hydrogen, and kept at 298°-308°C for 18 hr, during which time 
the pressure drops from the maximum of 965 atm to 740 atm. The bomb is 
cooled, vented of hydrogen, and the contents are distilled to yield 27 gm 
(1%) of 2,2,3-trimethylbutane, b.p. 81°-82°C. Approximately 32 gm of 
starting alcohol is recovered. 


E. Reduction of Halides 


Halides are converted to the corresponding hydrocarbon by one of several 
methods. The Grignard reaction of a halide and subsequent reaction, with 
water produce a hydrocarbon [46]. Magnesium, lithium, zinc and acetic acid 
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[47], lithium aluminum hydride [48], lithium hydride [49], sodium boro- 
hydride [50], sodium in alcohol [51], magnesium in methanol [52], and nickel 
aluminum alloy in aqueous alkali [53] can be used for the reduction of halides. 
The last three methods have been specifically used for aryl halogen atoms. 

Sodium borohydride efficiently reduces organic halides, especially if they 
can form stable carbonium ions. For example, tert-cumyl chloride (2-phenyl- 
2-chloropropane) and benzhydryl chloride are converted into cumene (82%) 
and diphenylmethane (72%), respectively. The following conditions are used 
for the reduction of these compounds: 50°C reaction temperature, 1-2 hr 
reaction time, 65 vol % diglyme, 0.5 mole of the organic halide, 4.0 mole of 
sodium borohydride, and 1.0 mole of sodium hydroxide (added in order to 
minimize the hydrolysis of sodium borohydride) [50]. 

Sodium borohydride is more convenient to handle than lithium aluminum 
hydride since it is not sensitive to water. In fact sodium borohydride reduction 
can be carried out in aqueous solution whereas lithium aluminum hydride 
requires strictly anhydrous conditions, Saturated aqueous solutions of sodium 
borohydride at 30°-40°C are stable in the presence of 0.2% sodium hydroxide. 

CAUTION: Lithium aluminum hydride may also spontaneously ignite by 
rubbing or grinding vigorously in air. A nitrogen or argon atmosphere is 
recommended for safe grinding operations in a hood. 


2.5, Lithium Aluminum Hydride Reduction of 1-Bromooctane [49] 
LiAJH, + LiH + 5CoHirBr ——> 5CyHis + 2LiBr + AlBro (18) 


To a flask equipped with a stirrer, dropping funnel, reflux condenser, and 
drying tube, and a thermometer is added 5 gm lithium aluminum hydride 
(0.13 mole) and 12 gm of lithium hydride (1.5 moles), and the flask is cooled. 
Tetrahydrofuran (THF) (300 ml) is added with stirring and then the contents 
are heated to reflux. 1-Bromooctane (193 gm, 1 mole) is added dropwise at 
such a rate that a moderate reflux is maintained without external heating, 
The mixture is then refluxed for an additional hour, cooled to 10°C, and 
cautiously hydrolyzed with 100 ml of a 60/40 mixture of THF/water so that 
the temperature is kept below 20°C. The mixture is then transferred to a 2 
liter beaker containing 80 ml of sulfuric acid in crushed ice water. The organic 
layer is separated, dried over potassium carbonate, and distilled to yield 96%, 
of n-octane, b.p. 125°C, n2° 1.3975, 


2-6. Sodium Borohydride Reduction of Methyl Chioride [54] 


Dist 
NaBH, + 4 CHCl -——> 4 CH, + NaBCh (19) 


To a flask is added 25 ml of diglyme, 0.0874 gm (23 mmole) of sodium boro- 
hydride, and 85 cc (3.8 mmole) of methyl chloride. The contents are allowed 
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to stand for I hr. Recovery of the volatile products using a liquid nitrogen 
trap yields 78 cc of methane (3.5 mmole, 927,) and 7 cc (0.3 mmole) of recovered 
methyl chloride, 


3. CONDENSATION REACTIONS 


A. Friedel-Crafts Alkylation of Hydrocarbons 
R 


Cn ener (20) 


The Friedel-Crafts reaction is a popular laboratory method for the alkyla- 
tion of benzene [55], naphthalene [56], and other aromatic hydrocarbons to 
give monoalkyl, dialkyl and polyalkyl aromatics [57]. Since isomerization 
occurs when the alkylating agent is greater tha# two carbon atoms in length 
the Friedel-Crafts reaction can not be used for the preparation of long-chain 
n-alkyl aromatic derivatives [58]. 

The catalyst used is usually anhydrous aluminum chloride [59] but it may 
also be boron trifluoride [60], hydrogen chloride [61], hydrogen fluoride [62], 
ferric chloride [63], beryllium chloride [64], silicophosphoric acid [65], and 
sulfuric acid [66]. A trace amount of water is sometimes necessary as a 
co-catalyst [60]. 

The alkylating agents are not limited to alkyl halides [67]. Olefins [68], 
acetylenes [69], alcohols, ethers, esters [70-72], alkyl sulfate [73], cyclopro- 
pane [74], or other active hydrocarbons (isoparaffins) [59] which may 
produce carbonium ions have also been used [75]. 

The Haworth synthesis [76] of polynuclear compounds initially involves the 
Friedel-Crafts reaction of aromatics with succinic anhydride followed by 
Clemmensen reduction, acid-catalyzed cyclization to a ketone, reduction, and 
selenium metal dehydrogenation to yield the aromatic system in 50%, yields 
Eq. (21). 

The Friedel-Crafts reaction is also discussed in Chapters 8 and 9 in con- 
nection with the synthesis of ketones and carboxylic acids. Several reviews 
[77-79] and a monograph [80] are available on the Friedel-Crafts reaction. 

The effect of experimental. conditions on the orientation and product 
compositions during alkylation can not always be generalized. However, it is 
known that an excess of the aromatic compound favors monoalky] derivatives. 
Long reaction times and/or elevated temperatures cause isomerization and 
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fragmentation to occur. For example, o-, m-, and p-diethylbenzenes are iso- 
merized at room temperature in the presence of 0.2 mole of aluminum chlo- 
ride per mole of diethylbenzene in the presence of | ml of water (81]. An 
equilibrium is reached after 20 hr to give about 3% ortho, 69% meta, and 
28%, para isomer. Vapor phase chromatographic analysis is used to determine 
the purity and isomer distribution. Similar isomerizations are reported for the 
tert-butyltoluenes [82] and the diisopropylbenzenes [83]. 


oO 
H.c—c” COCH,CH,COOH 
O " | AlCl, cr. Zn/HCl 
/ Ciemmenson 
H, anon reduction 


No 
CH,CH,CH,COOH 
HSO, Zn/HCl 
cy a co 
water bath 


co) 


Se 
CO aS OO m 
24 hr 


Mild catalysts such as boron trifluoride (with an alcohol), hydrogen 
fluoride (with an olefin), or ferric chloride (with an alkyl halide) may produce 
almost pure para dialkylation products or 1,2,4-trialkylation compound. An 
excess of aluminum chloride at elevated temperatures favors meta-dialkyl 
or symmetrical trialkyl derivatives. 

The catalyst quantity varies with the alkylating agent. Trace amounts of 
aluminum chloride are only required for the alkylations involving alkyl 
halides or olefins. However, with alcohols or their derivatives large amounts of 
catalyst are required to offset the deactivating effect on the catalyst by 
hydroxyl groups from alcohol or water. 


3-1. 1,3,5-Triethylbenzene by the Friedel-Crafts Ethylation of Benzene |84] 
CaHy 
O + 3C,H,Br + 2 AICl, —> +3HBr (22) 
C,H C,H, 


To an ice-cooled three-necked flask equipped with a stirrer, dropping fun- 
nel, condenser, and ice-water trap is added 267 gm (2 moles) of anhydrous 
aluminum chloride. Then } to 4 of the total ethyl bromide (335 gm, 3 moles) is 
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added to moisten the aluminum chloride. The benzene (78 gm, 1 mole) is 
added dropwise over a period of 4 hr at 0° to —5°C. The remaining ethyl 
bromide is added cautiously over a period of 4 hr. The reaction mixture is 
stirred and allowed to come to room temperature slowly. After 24 hr the 
yellow intermediate is decomposed by pouring it, with stirring, into 500 ml of 
crushed ice and 50 ml of concentrated hydrochloric acid contained in a 4 liter 
beaker. More ice is added and the organic layer is separated, washed with 
sodium hydroxide solution, dried, and distilled through a Vigreaux column 
to yield 85-90%, of 1,3,5-triethylbenzene, b.p. 215°-216°C. 

The ethyl bromide that is carried over with the hydrogen bromide is caught 
in an ice-water trap and an amount equal to it is added later in the synthesis. 


1,2,3-Trimethylbenzene, which cannot be made by the Friedel—Crafts 
method, can be synthesized using the Tiffeneau rearrangement which occurs 
with benzyl Grignard reagents in the presence of formaldehyde [77]. 


CH,Cl CH,MgCl 


oo 0 ieee 


Hy CHa 
Bae CH,OH CHg CHs 


The Jacobsen reaction [85] which is described below can be considered a 
Friedel-Crafts rearrangement to give vicinal-substituted aromatic com- 
pounds, The example cited is for a 6,7-dimethyltetralin which may be con- 
sidered a 1,2,4,5-tetraalkylbenzene being converted to a 5,6-dimethyltetralin 
(1,2,3,4-tetraalkylbenzene). 


3-2, Jacobsen Reaction of 6,7-Dimethyltetralin [86] 


CH, 
2 Steam distillation — Steam distillation I 
“CH, 


A mixture of 6,7-dimethyltetralin (18 gm) and 50 gm of concentrated 
sulfuric acid is stirred and heated until complete solution (at about 80°C). 
The mixture is then heated to 95°C for 15 min, cooled to room temperature, 
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and allowed to remain at room temperature overnight. The next day, the 
mixture is diluted with some water and distilled with superheated steam so 
that the temperature of the reaction mixture is 150°C. The distillate is extrac- 
ted with ether. The ether extract is then washed with aqueous sodium hydrox- 
ide solution, and distilled to yield 5,6-dimethyltetralin, 4.3 gm (24%), b.p. 
110°-115°C (7 mm), nf? 1.5530. 

Dehydrogenation of the above dialkyltetralin gives the corresponding 
dialkylnaphthalene in good purity. In this reaction, if the substituents are 
n-propyl groups there is no rearrangement of them to isopropyl groups. 


B. Hydrocarbon Polymers 


As a part of a discussion of the methods of synthesis of hydrocarbons it is 
pertinent to mention hydrocarbons produced by polymerization reactions 
(addition reactions). 

CH=CH, Ht, 7 cH—cH.— (25) 
I or ionic | 
R catalysis [ R l. 

Polyethylene, polystyrene, polypropylene, polyisobutylene, polybutadiene 
are a few of the polymers that are of great commercial importance today. 
Copolymers of mixtures of two or more monomers have also been prepared. 

The polymerization reactions are effected either thermally, free radically, 
cationically, or anionically depending on the monomers involved. Ziegler- 
Natta type catalysts are used to give stereospecific polymers of either the 
isotactic or syndiotactic conformation. 

The references will lead the reader to more theoretical discussions and 
sources for more synthetic methods [87-89]. 

The polymerization of styrene by two different techniques is described 
below. 


3-3. Synthesis of Polystyrene Using Thermal Activation. [90] 


CsHsCH==CH, —> H--CHy (26) 
ek 


To a test tube is added 25 gm of styrene monomer; the tube is flushed with 
nitrogen and stoppered. The test tube is immersed in an oil bath at 125° 
130°C for 24 hr, cooled, and broken open to recover a clear glasslike mold of 
polystyrene. If all the oxygen has been excluded the polystyrene will be free of 
yellow stains, especially on the surface. The polystyrene can be purified and 
freed of residual monomer by dissolving it in benzene and reprecipitating it 
ina stirred solution of methanol. The solids are filtered and dried in a vacuum 
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oven at 50°~-60°C to give a 90%, yield (22.5 gm). The molecular weight is 
about 150,000 to 300,000 as determined by viscometry in benzene at 25°C. 


3-4. Emulsion Polymerization of Styrene [91] 


To a standard resin kettle equipped with a stirrer, condenser, and dropping 
funnel is added 100 gm of styrene and 128.2 gm of distilled water. To the 
water the following are added separately: 0.68%, potassium persulfate solu- 
tion, and 100 ml of a 3.56% soap solution. Nitrogen is used to purge the 
system of dissolved air and then the temperature is raised to 50°C and kept at 
this temperature for 2 hr. A 90% conversion to polystyrene emulsion will have 
occurred at this point. 


Other polymerization techniques are briefly illustrated below [87]: 
CoHs—CH==CHa > [ cH CHa | [¢4)) 
CoHs . 


Catalysts: +Thermal 
Peroxide, or other free radical source 
Emulsifier + free radical source 
Suspending agent + free radical source 


CH, CHe 
Tonic polymerization 
cu,—t=cHts + BF, -———> tb cH @8) 
‘Hs a 
ia 
Anionic catalyst 
9 
CH=CH ee? | GOH Q9) 
obs C.Hs . 
CH;=C—CH=CH, SSO, synthetic Balata rubber (30) 
Catalyst from 
He Al(CaHs)at VCly 
Stercospacific Catalyst 
CH,=CH—CH=CH, > cfs1,4-Polybutadiene (31) 
from (CaHp)sAlsCis— 
col alt octoate 


C. Small Ring Hydrocarbon Syntheses 


Cyclobutane [94] and cyclopropane [95, 96] are two popular small ring 
compounds that have attracted a great deal of research effort. Cyclobutane 
syntheses have recently been reviewed and will not be discussed here. 

Carbenes [95, 96] and specifically methylene have been shown to play an 
important role in the synthesis of hydrocarbons by either insertion or more 
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important by their addition to olefins to yield cyclopropanes. The proof 
whether certain species are truly carbenes, i.e., singlet state divalent carbon 
species, is still an active research area. Proof exists to indicate that the photo- 
lysis of certain diazoalkanes yields divalent carbon species [97]. Recent 
investigations have indicated, however, that certain organometallics react 
with alkyl halides not to give free carbenes but «-halolithium compounds 
which add to olefins to give cyclopropanes [98], The Simmons-Smith [99] 
reaction is an example in which an organozinc halide reacts with an olefin to 
give products identical to those which might be obtained from free carbenes. 
Nene” + :CRa—> Nec” 

\ 7 4 \ 


ra 
The photolysis of diazomethane (see Chapter 15) has been used for the 


synthesis of methylene but the hazardous nature of the reagent has hindered 
the widespread use of this reaction [100] in the synthesis of cyclopropanes. 


CH,N, —> :CHs + Na (33) 
A novel method for the generation of methylene is via iodomethylzinc 
iodide [99] as shown in Eq. (34). 
4 


CHale + Zn—Cu —> ICHaZal 7; Yok +Zol, (34) 


G2) 


a 

The organozinc compound is stable for several hours but decomposes 
rapidly in the presence of olefins. The methylene thus generated as an 
intermediate reacts stereospecifically [101] with olefins as does methylene 
generated from diazomethane. 

The newly reported synthesis of free C, and C, carbon species offers the 
possibility of preparing spiropentane and allene structures by vaporizing 
carbon in the presence of olefins [102-104, 104a]. However, more develop- 
ment in this area is necessary before this technique can be applied for the syn- 
thesis of compounds in good yields. 


3-5. Preparation of n-Hexyleyclopropane {105] 
CoHieCH=CHs + CHal, 2s Catle—CH—CHh + Zale) 
CH 


(@ Synthesis of the zine-copper complex. Zinc powder Analytical Reagent 
(Mallinckrodt), 65.6 gm, 1.0 mole, is washed rapidly in a beaker with hydro- 
chloric acid (3%, 4 x 50 ml), decanted, and then washed with distilled water 


H 
| 
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(4 x 60 ml), aqueous copper sulfate (2%, 2 x 100 ml), distilled water 
(4 x 60 ml), absolute ethanol (4 x 60 ml), and absolute ether (5 x '50 ml). 
The ethanol and ether washings are decanted onto a Biichner funnel in order 
to prevent loss of the couple. Additional ether is used to wash the couple in 
the Biichner funnel, which is then covered with a rubber dam and dried under 
suction until the couple reaches room temperature. The couple is used im- 
mediately or stored in a vacuum desiccator over phosphorus pentoxide. 


(6) Reaction of methylene iodide with 1-octene in the presence of the zinc- 
copper couple. To a flask containing the zinc-copper couple (16.3 gm of zinc, 
0.25 mole) prepared as above and 165 ml of anhydrous ether is added, with 
stirring, 53.6 gm (0.20 mole) of methylene iodide and 0.15 gm of iodine 
(0.006 mole). The iodine color disappears instantly and the gray-colored mix- 
ture is refluxed for approximately 4 hr. The color of the mixture becomes 
darker and a gentle exothermic reaction is evident. External heating is then 
stopped and 44.8 gm (0.4 mole) of 1-octene in 25 ml of anhydrous ether is 
added dropwise over a period of 4 hr. The mixture continues to reflux during 
the addition. Heating is then continued so that the mixture refluxes for 
another 4-6 hr. The flask is cooled, the contents filtered, and the residue is 
washed with ether. The ether solutions are combined and washed with three 
50 ml portions of 5% hydrochloric acid, aqueous sodium bicarbonate, and 
with three 50 ml portions of a saturated aqueous sodium chloride solution. 
The aqueous washings are extracted with ether and the combined ether solu- 
tions are dried. The ether is removed by distillation and the residue is distilled 
through a Nester-Faust spinning band column to give n-hexylcyclopropane, 
24 gm (48%), b.p. 148°~150°C, ni 1.4173, showing no olefinic absorption at 
6.08 uw in the infrared spectrum. 


D. The Diels-Alder Reaction 


The Diels-Alder reaction is discussed in Chapter 2, Olefins, but it is also 
relevant to mention it here, since six-membered rings can be produced by it, 
which in turn may be aromatized. 


Recently [106], trans, trans-1,4-diacetoxybutadiene was added to dieno- 
philes and the resulting products were thermally aromatized by the facile 
elimination of the methyl acetate groups. 
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HC—COOCHs COOCH, 
uc” CH—Xx x Haat 
I +] _— — (7) 
HQ CH—Y Y = 
HC—COOCH, CoocH, 


E. Coupling Reactions 


Organometallic compounds can be coupled with certain halides to give un- 
rearranged hydrocarbons, Neopentane [107], neohexane [108], hexamethyl- 
ethane [109], and other branched hydrocarbons are formed in good yields by 
coupling a primary Grignard reagent with tertiary alkyl halides. The organo- 
metallic compounds used are mainly the Grignard [110] reagents, organozinc 
[111], lithium [112], and sodium [113] derivatives. The halides may be primary 
[114], secondary, and tertiary [107-109]. 

Benzyl chlorides [115] and o-phenylethyl chloride [116] can be converted 
to the corresponding Grignard reagents but these also react rapidly with the 
starting halides to give diphenylethanes. 


RM + R’K —> R—R + MX (38) 
The Wurtz reaction [117] is a poor method for the laboratory preparation 


of pure hydrocarbons since mixtures are obtained which are also conta- 
minated by some olefins formed by some dehydrohalogenation. 


2RX + 2Na —+> R—R + 2NaX (39) 


Cyclopropanes [118, 119] and spiropentanes {120} are formed by the reac- 
tion of zinc dust on 1,3-dichloropropane and pentaerythrityl tetrabromide, 
respectively. Spiropentane is only isolated in 24-287, yields in addition to 
54-587, methylenecyclobutane, 13-18%, 2-methyl-1-butene, and 1-3%, 1,1- 
dimethylcyclopropane. 


3-6. Grignard Coupling—Synthesis of Neohexane [108] 


CHs CHs 
CH3MgC! + Ct é CH,CH, —> CH,—C—CHz~CHs + MgCl, (40) 
‘Hy Hs 


To methylmagnesium chloride [from the action of gaseous methy] chloride 
on 121.5 gm (5 moles) of magnesium in 1600 ml of dry di-n-buty] ether] is 
added 610 ml (5 moles) of tert-amyl chloride in 1 liter of di-n-buty] ether at 
5°C over a period of 8 hr. Decomposition with ice and distillation of the ether 
yielded the crude product at b.p. 37°-50°C. Washing with sulfuric acid and 
redistillation yielded pure neohexane, b.p. 49°-50°C (740 mm), n3° 1.3688, in 
36-397, yield. 


| 
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Methylmagnesium iodide can be more conveniently prepared from liquid 
methyl iodide and used in place of methylmagnesium chloride in the above 
coupling reaction. 


Organolithium reagents can also react with hydrocarbons to give 15-50%, 
yields of alkylated products. For example, tert-butyllithium is reported to 
react with naphthalene in decalin solution at 165°C for 41 hr to give a 30%, 
yield of mono-tert-butylnaphthalene and a 50% yield of di-tert-butylnaphtha- 
lene [121]. The position of substitution was not reported. The generality of 
this reaction has not been explored beyond benzene, and phenanthrene and 
perylene [121a]. 


+ tert-Butyl Li ——> 


tert-Buty] fert-Butyl 
tert-Butyl 


Grignard reagents also react with inorganic halides to give coupled pro- 
ducts, Examples of such halides are cupric chloride [122], lead chloride [123], 
silver bromide [124], silver cyanide [125], nickel chloride [126], palladium 
chloride [127], chromic chloride [128], iron halide [129], ruthenium halide 
[129], and rhodium halide [129]. 


2RMgX + MXs —> R—R + 2MgX: + M (42) 


The Ullmann reaction [130] is related to the Wurtz reaction as a method of 
coupling aryl halides. In this reaction activated copper bronze is used in place 
of sodium. The most reactive halides are the iodides. 


3-7. Ullmann Synthesis of 2,2'-Diethylbiphenyl [131] 
CjHs CaHs 


Om : 


To a Pyrex flask is added 150 gm (0.647 mole) of o-ethyliodobenzene and 
150 gm of copper bronze. The mixture is heated for 3 hr at approximately 
240°C. The product 2,2'-diethylbipheny] is isolated by extraction with boiling 
chlorobenzene and then by concentrating under reduced pressure. The residue 
is distilled from sodium. The product is obtained in 60% yield (42.5 gm), 
b.p. 142°-143°C (14-15 mm), 3° 1.5620. 
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Grignard reagents also couple in good yields with dimethyl and diethyl 
sulfate [132] to give alkyl aromatics. The alkyl esters of arylsulfonic acids 
[133] also couple, as do the sulfates. 

Diazonium salts react with aromatic compounds in the presence of sodium 
hydroxide to give low yields of coupled products [134]. 

The Pschorr synthesis [135] involves the diazotization and coupling of the 
resulting diazonium halides with an aromatic hydrocarbon in the presence of 
copper. 


cu 
ArNatX~ + Ar‘H —-»> Ar—Ar’ + Na + HX (44) 


The reductive coupling of alcohols has recently been reported to occur in 
38-51%, yields with some alcohols [136]. 


ROH ——» [(RO)aTi] —-> R—R + TiOz (45) 
The scope and generality of this reaction still remains to be determined. 


TABLE I 
Aceryenes Usep AND AROMATIC PRopuUCTS OBTAINED BY CYCLIZATION® 


Substitution on Reaction Trimer Yield (7%) High 
acetylene temp. (°C) Polymer 
hy 
None 7-39 + Benzene 49.1 AA 
Methyl 23°36 Mesitylene 40.4 9.3 
Pseudocumene 211 
Ethyl °-30%  —1,3,5-Triethylbenzene 35.5 73 
1,2,4-Triethylbenzene 17.0 
Butyl 24°-32% 1,3,5-Tributylbenzene 59.8 = 
Dimethyl 9-340 Hexamethylbenzene 80.2 2.2¢ 
Diethyl 24°-32 Hexaethylbenzene 76.5 — 
Dibutyl ~86° Hexabutylbenzene* 52.2 46° 


* Table I is reprinted from E. F. Lutz, J. Am. Chem. Soc. 83, 2551 (1961), Copyright 
1961 by the American Chemical Society and reprinted by permission of the copyright 
owner, 

* Reactions were exothermic, producing an 11°-16° rise in temperature. 

* The temperature gradually dropped toward the end of the reaction, indicating a loss 
of catalyst activity. 

4 Estimated by subtracting the weight of the organometallic catalyst from the total 
weight of the solids obtained from reaction. 

* Because of the reaction work-up used, this represents the upper limit of high polymer 
formation. 

* A small amount of another product, perhaps a dimer, also was obtained. 

* This appears to be the first synthesis of this compound. 
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Substituted acetylenes condense with each other to give polyalkylated 
aromatics in 49-80% yields at 23°-36°C [137]. This reaction offers a con- 
venient laboratory preparation at room temperature of highly alkylated 
aromatics difficult to obtain by alternate routes. Several examples of this 
reaction are presented in Table I. 


R R 
Rt RoR. R 
RoecR’ AiGHoeTicn % (46) 
R R R R’ 
R R 


This reaction appears to be related to the method used by Schafer to tri- 
merize 2-butyne to hexamethyl-Dewar benzene with the aid of aluminum 
chloride. Heating hexamethyl-Dewar benzene yielded hexamethylbenzene 
[137a]. (See Chapter 2.) 


3-8, Preparation of Hexamethylbenzene [137] 


AN(CaHe)a-TiCly 


3 CH,C =CCHs @7) 


CH, 


(@) General procedure for catalyst preparation. To a three-necked 1 liter 
Morton flask under anhydrous conditions (in a hood) is added 3.4 gm (0.03 
mole) of aluminum triethyl in 200 ml of pure dry n-heptane. The solution is 
stirred and 1.9 gm (0.01 mole) of titanium tetrachloride in 5 ml of n-heptane 
is added, A black, insoluble organometallic complex immediately precipitates. 
The catalyst solution is stirred very fast to reduce the particle size of the pre- 
cipitated catalyst. Under a nitrogen atmosphere 400 ml of additional pure 
dry n-heptane is added. 

(6) Reaction of 2-butyne with catalyst solution. To the stirred catalyst solution 
is added 16.3 gm (0.3 mole) of 2-butyne in 60 ml of dry n-heptane over a period 
of 2 hr. The reaction temperature rises from 23° to 34°C during this time. 
After the reaction the black precipitate is centrifuged and the n-heptane is 
concentrated to dryness using a water aspirator. The resulting white solid is 
washed several times with ether to extract the product. The black solids from 
the catalyst are also washed with ether to recover any product. Concentrating 
the combined ether extracts yields 13.1 gm (80.2%) of crude hexamethyl- 
benzene, m.p. 155°-160°C. Recrystallization from absolute alcohol raises the 
melting point to 162°-163°C. 
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4. ELIMINATION REACTIONS 


Hydrocarbons can be prepared from substituted compounds by eliminating 
the substituent which is other than hydrocarbon in nature 


RX —> R+X (48) 


where X may be halogen, amino, alcohol, aldehyde, ketone, carboxyl, 
sulfonic acid, etc. Ring closure with elimination ofwater or some other group 
will also be mentioned. Several of the earlier mentioned coupling reactions 
and condensation reactions can also be considered elimination reactions. 

Aromatization can be considered an elimination where hydrogen is the 
functional group that is eliminated. 

Halogenated compounds can be converted to hydrocarbons by conversion 
to the Grignard reagent and hydrolysis with aqueous ammonium chloride 
[138]. This method has been quite useful in the introduction of a methyl 
group into aromatic systems by first chloromethylating and then converting 
to the Grignard prior to hydrolysis [138]. 


CH,MgCl 
oO} a = eer: nid) 26 + MgCl, + NH 


The titanium-catalyzed isomerization of the Grignard reagent derived from 
secondary halides can also be utilized in preparing primary (linear) alkanes 
by hydrolysis [138a]. 

Conversion of halides to lithium or sodium derivatives followed by hydro- 
lysis also gives the hydrocarbons. In some cases dehydrohalogenation to the 
olefin occurs, which may contaminate the product. 

A better procedure for converting halides to hydrocarbons has already been 
discussed in the section on Reduction of Halides (Section 2, E). 

Hydrocarbons can be acetylated by the Friedel-Crafts method and then 
converted to the amide via the Willgerodt method. Hydrolysis to the acetic 
acid derivative and subsequent heating with soda lime yields the correspond- 
ing methyl derivative. 

ArH + CH.Cocl “<*> arcocH, “*, arcH,cONH: —> 
Soda lime 


ArCH,COOH —=—"“> ArCHs + COs (50) 


When Ar is phenanthrene an 84%, yield of methylphenanthrene is obtained 
by this method [139]. 
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Carbonyl groups may be eliminated by the Kolbe electrolysis to give 
coupled products [140]. 


2RCOO- —> R—R + 2€0; + 207 (633) 


The diazonium group may be replaced by hydrogen reaction of the diazo- 
nium salt with a 5 M excess of hypophosphorous acid at 0°-5°C [141]. The 
yields are usually good and the method is suitable for laboratory synthesis 
problems. Hydrochloric acid is the recommended acid for diazotization 
unless nuclear halogenation is a competing reaction. Substituents such as 
halo, nitro, and carboxyl groups do not interfere. 


4-1. Conversion of p-Tolyldiazonium Chloride to Toluene [142] 


wel \ wor + HyPO, —> net \ +N, (52) 


The diazonium solution is prepared (see Chapter 15) at 0°C from 0.4 
mole of the p-toluidine, 1.2 moles of hydrochloric acid, and 0.4 moles of 
sodium nitrite with the final volume of the mixture being approximately 
750 ml. The p-toluidine is added dropwise as a solution in 200 ml of aqueous 
hydrochloric acid to the aqueous sodium nitrite at 0°C. The solution is then 
poured with vigorous stirring into a mixture of 660 gm (5 moles) of 507, 
hydrophosphorous acid and 100 gm of ice. (CAUTION: foaming may occur.) 
After extracting with ether, the mixture is held at 0°C for 24 hr and for 5 days 
at 25°C. An additional extraction is done and the combined ether layer is 
distilled to yield toluene (72%). 


Ring closure reactions such as the Elbs reaction of o-diaryl ketones yields 
anthracene on pyrolysis at 400°-500°C. 


4-2. Elbs Reaction—Synthesis of 1,2-Benzanthracene [143] 

To a Pyrex tube is added 6 gm of o-naphthyl o-tolyl ketone and 2 gm of zinc 
dust. The tube is heated at 400°-410°C for 3 hr, cooled, and the contents 
distilled and then passed through a column of alumina in benzene to yield 
2.75 gm of 1,2-benzanthracene, m.p. 159.5°-160.5°C. In addition a yellow 


ECO e 
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product is collected, m.p. 159°-160°C [probably impure (?)]. The total yield is 


61%. 
Other ring closures are the cyclization of 2-, 3-, 4-, or 5-hydroxy-1-phenyl- 
pentane as well as the 5-phenyl-1-pentane using 85-907, sulfuric acid [144]. 


_BS-90%Hs80, men = 


1h yA 


OH CH, 


In addition, 8-styrylacetaldehyde yields naphthalene upon refluxing with a 
mixture of hydrobromic acid and acetic acid [145]. 


cH 
ma is 
cu, ~° Ce 65 
a eT] 
HC 


Polyphosphoric acid also has been reported to be effective in causing the 
cyclodehydration of pinacols and pinacolones to alkylindenes [145a]. 

Both the latter two reactions can be explained by electrophilic attack on the 
aromatic ring by a carbonium ion. 


5, DEHYDROGENATIONS 


Dehydrogenations from saturated or partially saturated six-membered ring 
hydrocarbons yield aromatic compounds. 


R R 
O-0 ” 
The common dehydrogenation catalysts are platinum and palladium [146, 
147], which are also used for hydrogenation reactions, using the latter cata- 
lysts, cyclohexanes yield alkylbenzenes. Other catalysts are nickel [148], 
nickel or chromium oxide [149], metallic oxides [150], and chromium- 


alumina [151]. The latter catalyst has found widespread use in preparation of 
large quantities of polyalkylbenzenes from the corresponding cyclohexenes at 
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450°-470°C [151]. At 600°-650°C alkylbenzenes are dehydrogenated to 


styrenes [152]. 
CH, CH=CH, 
-He 


Dehydrogenations are also effected using chemical reactants such as sulfur 
[153], selenium [154], or chloranil [155] in refluxing xylene. Chloranil has 
been used to produce biphenyl, terphenyls, and quaterphenyls [155, 156]. 
For example, 4-(2,5-dimethyl-1-cyclohexen)-p-terpheny] was refluxed for 4 hr 
in the presence of slightly more than the equimolar amounts of chloranil in 
xylene. The reaction mixture was cooled and the chloranil hydroquinone was 
separated by filtration. The xylene solution was evaporated off under reduced 
pressure to leave 2,5-dimethyl-p-quaterphenyl in 427, yield, m.p. 183° [156]. 


p-Terpheny! 
ie c 


OH (58) 


Substituents such as primary hydroxyl, carboxyl, ester, alkoxy, or keto 
groups do not interfere [148, 149, 157-159}. Secondary and tertiary hydroxyl 
groups are eliminated as water and yield the corresponding hydrocarbon [160, 
161}. 

Recently [162] it has been reported that pyrolyzed polyacrylonitrile can be 
used as a chemical dehydrogenation agent. Using this latter reagent cyclo- 
hexene is converted in 50% yields per pass to benzene. 


6. MISCELLANEOUS METHODS 


(1) Preparation of paracyclophanes [163, 164]. 

(2) Cyclization of alkenyl arenes catalyzed by potassium metal [165]. 

(3) Dealkylation and fragmentation reactions of aryl alkyis induced by 
aluminum chloride and water [166-169]. 
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(4) Photolysis of stilbene to yield phenanthrene [170]. 
(5) Photolytic coupling of aryl iodides [171, 172, 172a]. 
(6) Cyclobutane formation by the mercury-photosensitized reactions [173] 
of ethylene. 
(7) Reaction of hydrocarbons with iodine at 500°C, 2,5-dimethylhexane 
yields p-xylene in 98%, yield [174]. 
(8) Light-induced decarboxylation of aldehydes [175, 176]. 
(9) Aromatization of hydrocarbons on chromic aluminum at 531°C [177] 
(10) Electrolytic reductive coupling [178]. 
(11) Hydrogenolysis of the Grignard reagent [179]. 
(12) The addition of phenyllithium to allylic chlorides to form phenyl- 
cyclopropanes [180]. 
(13) Aromatic alkylation via diazotization [181]. 
(14) Phenylation with nitrosoacetanilides [182]. 
(15) Benzene polymerized to p-polyphenyl by ferric chloride/H,O [183]. 
(16) The synthesis of p-sexiphenyl from biphenyl or p-terphenyl using a 
Lewis acid catalyst-oxidant [184]. 
(17) A general synthesis for the preparation of macrocyclic compounds 
[185]. 
(18) A novel synthesis of [2.2]paracyclophanes [186]. 
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1. INTRODUCTION 


Olefins are commonly prepared by elimination reactions (loss of water, 
hydrogen halides, acids, etc.) and condensation reactions. Methods utilizing 
oxidation, reduction, isomerization or rearrangement, free radical, photo- 
lytic, and enzyme reactions are less commonly used in the laboratory to 
prepare a center of unsaturation. 

The elimination reactions are summarized by Eq. (1) 


R—CH—-CH, “7, RCH=CH, + ZH @) 


where Z may be a hydroxyl, halogen, esters, ether, methyl xanthate (Chugaev 
reaction), carbamate, carbonate, sulfite, amine, quaternary ammonium 
hydroxide (Hofmann degradation), amine oxide, or one of many other 
labile groups, 

Another elimination reaction involves disubstituted derivatives as in Eq. (2) 


a aaah ee —» RCH=CH, @ 
Zz 
where Z may be hydroxyl or halogen. 
Condensation reactions, such as the Boord synthesis, are good methods for 
converting aliphatic aldehydes [Eq. (3)] to substituted olefins via the prepara- 


tion of dibromoethyl ethers, Grignard coupling, and elimination of bromo- 
ethoxy zinc. (See the text that follows for more detailed equations.) 


RCH,CH==-O ——> RCH=CR’R’ Q) 
Aldehydes can also be converted to olefins by reaction with active methy- 


lene compounds [Eq. (4)] by the Knoevenagel, Perkin, Claisen, and aldol 
condensation reactions 


RCH,CH=0 + CH,(R'}2 —-> RCHsCH=CR), (4) 


where R's are carboxylic acid or ester groups, nitro, nitrile, carboxylic an- 
hydride groups, aldehydes, and ketones or any other strongly electron- 
withdrawing substituents. 
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The Wittig reaction [Eq. (5)] is a convenient laboratory method useful 
for the converting of aldehydes and ketones to olefins via the reaction of 
triphenylphosphinemethylenes 

RCH=O + (CoHs)sP=CX2 > RCH=CX, 6) 
where X is hydrogen, alkyl, alkyl carboxylate, and halogen. 

A convenient modification of the Wittig method uses phosphonate car- 
banions, (RO).P~OCXg, in place of (CgH,)3P—CX,. 

The condensation of acetylenes with carbon monoxide, hydrogen halides, 
alcohols, acids, amines, mercaptans, halogens, etc., gives extremely useful 
unsaturated compounds as generalized by Eq. (6). 

HC=CH + HZ —>» CH,z=CHZ (CD) 
However, as a result of the hazards involved in handling acetylene, a great 
many laboratory workers avoid its use. Nevertheless, Reppe’s pioneering 
experimental work has shown that under the proper conditions the hazards 
associated with acetylene may be minimized and that acetylene is quite useful 
for vinylation reactions, Many industrial processes today utilize acetylene 
reactions to prepare vinyl chloride, vinyl acetate, acrylonitrile, chloroprene, 
vinyl fluoride, vinylidene fluoride, 1-vinyl-2-pyrrolidone, and many other 
olefins used for the preparation of plastics, 

Recently Dewar benzene (bicyclo{2.2.0}-2,5-hexadiene) derivatives have 
been prepared from acetylene trimerization or by a Diels-Alder reaction of 
cyclobutadieneiron tricarbonyl complex with activated acetylenes. 


CH; 
CH, CH, Hy CHs 
2 CH,—-C=C-—CH, ——> “Gece ro) 
CH, | CH CH, CHa 
Io 
(not isolated) (Wolfgang Schifer, 
1966) 
ca cit, 
[I Fe(CO), CH,O=CCH, ae ® 
ci i CHa 
Fe(CO), ~~ c=c—cooHn 
Isolated 
ny COOH 
|iome—catt 
(Roland Pettit, 
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It is interesting to note that both reactions proceed via a cyclobutadiene- 
metal complex. 

The above-mentioned methods depend on converting an existing functional 
group to an olefin. However, olefinic groups can also be added on to an 
existing molecule to give a site of unsaturation. 

The reaction of vinylsodium, allylmagnesium halide, and other vinyl 
metallics with aldehydes, ketones, and halogens are synthetically useful 
methods. 

Allyl alcohol, allyl halide, and other unsaturated compounds may condense 
with reactive compounds to give a substituted olefin. 

The reduction of acetylenic compounds to olefins by hydroboration pro- 
cedures is of importance. However, the acetylenes are not common starting 
materials. Therefore this type of method will have only limited value. 

The Birch reduction of aromatic compounds by sodium and liquid ammonia 
in the presence of ethanol gives 1,4-cyclohexadienes and cyclohexenes. This 
method is quite useful since aromatic compounds are plentiful. 

Oxidation methods are less common for the preparation of olefins. 


2. ELIMINATION REACTIONS 


A. Dehydration of Alcohols 


The acid-catalyzed or thermal elimination of water from alcohols is a 
favorite laboratory method for the preparation of olefins. Isomeric mixtures 
usually arise with the acid-catalyzed method. The order of reactivity in de- 
hydration usually follows the order of stability of the intermediate (transient) 
carbonium ion, i.e., tertiary > secondary > primary. The acid-catalyzed pro- 
cedure is illustrated below, where 79-87%, yield of cyclohexene is obtained [1]. 


2-1. Preparation of Cyciohexene [1] 


OH 
CJ O)-n0 ‘ 


To 400 gm (4 moles) of cyclohexanol, in a flask set up for distillation ofithe 
contents into an ice-cooled receiver, is added 12 ml oficoncentrated sulfuric 
acid. The flask is heated to 130°--150°C by means of an oil bath for 5-6 hr. 
The cyclohexene is salted out ofithe distillate, dried, and fractionated to give 
260-285 gm (78-87%), b.p, 80°-82°C. 
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Tertiary arylcarbinols have been reported to be converted within 30 sec to 
the corresponding alkenes (70%, yield) with warm 20%, sulfuric-acetic acid 
(by volume) [2]. The yields are much lower with aliphatic tertiary or secondary 
arylcarbinols. Some tertiary alcohols, such as those obtained from tetralone 
and the Grignard reagent, dehydrate on simple distillation and in the presence 
ofi anhydrous cupric sulfate as a catalyst [3]. 

Secondary and tertiary alcohols can be dehydrated in dimethyl sulfoxide 
when heated to 160°-185°C for 14-16 hr to give olefins in yields of 70-857, 
[4]. The solution is diluted with water, extracted with petroleum ether (30° 
60°C), dried, and then distilled. 

Aluminum oxide vapor phase dehydrations at 300°-400°C have the ad- 
vantage that isomerization is reduced, as a result of the short contact time of 
the alcohol and olefin with the catalyst. The main by-products are ethers [5, 6]. 
The dehydration of alcohols on an alumina catalyst may involve the prelimi- 
nary formation of a surface alkoxide which then thermally decomposes to an 
olefin [7]. By this procedure 1-butene is prepared from n-butyl alcohol [8] and 
styrenes are obtained from arylmethylcarbinols [9]. 


2.2. Preparation of Dimethylstyrenes [10] 
(CHa)a (CHy)s 


(1) -excon = (1) cen, (10) 


(a) Preparation of the dehydration column [10]. A 24 ft Pyrex column, 1 inch 
in diameter, having appropriate 24/40 ground glass joints at either end is 
wound with two layers of moist asbestos paper. The column is then carefully 
wound with 30-35 turns of nichrome wire (# x 0.0063 B & S 22, 0.899 
ohm/ft, supplied by the Driver and Harris Co., Harrison, New Jersey) as 
tightly as possible. The nichrome wire is then covered with two layers of 
asbestos paper. The asbestos is then covered with aluminum foil and the 
latter is covered with glass fiber cloth. The electrical connections are made by 
connecting alligator clamps to the terminal nichrome wires and these in 
turn are connected to a standard two-prong plug. The current is controlled by 
means of a variable transformer (S-6 amp capacity); such a column gives an 
internal temperature, after being packed with alumina, of over 300°C. The 
assembled dehydration apparatus is shown in Fig. 1. 

(6) Dehydration. The 1-(dimethylpheny!)ethanols (obtained by the sodium 
borohydride reduction of the dimethyl acetophenones) are dehydrated by 
dropping the organic liquid into a flask heated to 450°-500°C. The vapors are 
then led through the 24 ft column packed with activated alumina (alumina 
Catalyst AL-0104T 3; inch, The Harshaw Chemical Company) and heated to 
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300°C under vacuum. The crude material is dried and vacuum-distilled 
through a 3 ft Vigreaux column. The physical constants of the products are as 
follows: 3,4-dimethylstyrene, b.p. 63°-64°C (5 mm), n3” 1.5405; 2,5-dimethyl- 
styrene, b.p. 47°-48°C (3 mm), nj’ 1.5382; 2,4-dimethylstyrene, b.p. 47°-51°C 
(3 mm), #37 1.5435. 


The selective dehydration of secondary alcohols to 1-olefins can be effected 
using thorium oxide or lanthanide metal oxides in yields seldom below 95% 
at 350°-450°C [11]. These catalysts differ in behavior from the alumina or 
chromium oxide catalysts which give 2-olefins from secondary alcohols. For 
example, 4-methyl-2-pentanol gives 4-methyl-l-pentene in 98% yield using a 
thorium oxide catalyst. Therefore acetaldehyde may be reacted with a Grig- 
nard reagent to yield secondary alcohols which may then be dehydrated to the 
desired 1-olefin. 


To pyrometer 


Fia. 1. Assembled dehydration apparatus. A, dehydrating column; B, thermocouple 
well; C, dropping funnel; D, Pyrex flask, E, heating mantles; F, Claisen head; G, 
Friedrichs condenser; H, connecting tube; I, flask; J, ice bath; K, stopcock. 


Dehydrations of alcohols can also occur under basic conditions as in the 
case of f-phenylethy! alcohols. Molten sodium or potassium hydroxide and 
the alcohol are heated to 140°C to give the styrenes in good yields [12]. 
However, the phenylmethylcarbinols require acidic catalysts for successful 
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dehydration to the styrene. Reaction of ethylene oxide with xylene in the 
presence of aluminum chloride gives good yields of f-xylylethyl alcohols, 
which dehydrate in good yields to dimethylstyrenes using molten potassium 
hydroxide [10]. 

Aliphatic alcohols can also be dehydrated in low yields under basic condi- 
tions in the presence of bromoform [13]. The fact that the same olefin mixtures 
are obtained as those produced by the reaction of nitrous acids on amines in- 
dicates that this reaction may proceed via a carbonium ion mechanism [14]. 
Whether this reaction can be further developed into a useful synthetic method 
is yet to be determined. 


ROH + CHBr, + Base —> [R*] ——> Olefins ah 


B. Pyrolysis Reactions 


Although the vapor phase dehydration of alcohols over alumina or other 
solid catalysts is superior in some ways to the acid dehydration in solution, 
the high temperatures of 300°-500°C limit its usefulness to olefins that are 
stable at these temperatures for the relatively brief: time during which the pro- 
duct is exposed. 

The pyrolysis of acetate esters [15-17] is usually carried out at 300°-600°C 
but that of the xanthates employed in the Chugaev [18] method requires only 
100°-250°C. Esters of boric acid appear to be pyrolyzed easily at 260°-270°C 


° 
IL 
RCH;CH,OH + CH,COC] —» RCH,CH,OCCH, —> RCH=CH, (12) 
RCH2CH,OH = RCH,CH,OCS,Na <> 
Chugaev 
RCH,CH,OCS.CH, <> RCH=CH, (13) 


3 RCH,CH.OH + HsBO,; —> (RCH:CH,0),B “““> 3RCH=CH, (14) 


[19, 20]. An improved procedure for the pyrolysis of esters has recently been 
described using a recycling apparatus [21]. 

The pyrolysis of xanthates by the Chugaev reaction is limited mainly to 
secondary alcohols. Primary alcohols give only low yields and the use of this 
method for tertiary alcohols is less common. 

The Chugaev reaction suffers from the disadvantage that the preparation of 
the xanthates is more difficult than that of the esters, especially during purifica- 
tion. The pyrolysis of xanthates also yields sulfur-containing contaminants 
which are sometimes difficult to separate. The main advantages are the use of 
low temperatures for the pyrolysis under basic conditions and the absence of 
rearrangements. 


| 
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Carbonate and carbamate [22] esters are pyrolyzed at temperatures be- 
tween those used for esters and xanthates. The carbonates yield carbon 
dioxide and an alcohol on pyrolysis, which offers the advantage that these do 
not contaminate the olefin product, The carbamates give the olefin, an amine, 
and carbon dioxide. 

Sulfites [23] decompose at temperatures similar to xanthates. 

Ethers [24] eliminate a molecule of alcohol when heated to about 300°C in 
the presence of alumina, or at 60°-100°C over phosphorus pentoxide. Acetals 
[24, 25] lose alcohols when heated to 147°-170°C in the presence of phos- 
phorus pentoxide, quinoline, or with phthalic anhydride. 

The pyrolysis of quaternary ammonium salts (Hofmann exhaustive 
methylation) [26] is a useful method mainly for proof of structure since 
carbon skeleton rearrangement does not occur. However, as a preparative 
method it affords low yields even when three of the alkyl groups are methyl 
radicals, 


RCH—N(CH,),0H- —> RCH=CH, + (CHs)sN + H20 (15) 
‘Hs 
A reaction related to the pyrolysis of quaternary ammonium salts is the 
pyrolysis of Mannich bases or their hydrochloride salts at 120°C [27]. 


RCOCHLR —7#=°_ RCOCHR JH. RCOC_R + R,NH-HCI (16) 


ReNH, HCl 
HaNR,- HCl Ha 


The decarboxylation of olefinic acids (such as those obtained from the 
Perkin and related reactions) at 220°C in the presence of quinoline and cop- 
per powder gives olefins in yields up to 86% [28]. Thermal decomposition of 
cinnamic acids (without catalysts) gives styrenes in 417 yield [29]. 


inoline 
ArCH=CH—COOH = > ArCH=CH, an 
Cc 


Nuclear substituents effect the ease of decarboxylation but halo, methoxy, 
cyano, and nitro styrenes have been prepared in yields ranging from 307, to 
767, [28, 30, 31]. Unsaturated aliphatic acids also decarboxylate thermally, as 
is true for 8-ethoxycrotonic acid [24]. cis and trans-Stilbenes have recently 
been obtained in good yield by the pyrolysis of «-phenylcinnamic acids [32]. 


2-3. Pyrolysis of the Acetate of p-Cyanophenylmethylcarbinol to p-Cyano- 
styrene [33] 

To the acetate of p-cyanophenylmethylcarbinol, 58 gm (0.307 mole), is 

added 1 gm of p-tert-butylcatechol. The material is dropped through a vertical 

40 cm by 20 mm Pyrex tube packed with glass beads heated to 575°-600°C by 
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means of an electric furnace. The addition rate is 1 drop per second. The pro- 
duct is collected in a chilled receiver, washed twice with 100 ml portions of 
water, and similarly with 100 ml of 10%, sodium bicarbonate solution. The 


\ 
H,C—CH—OC—CH, CH—-CH 


STS C.. + CH,COOH (18) 


CN 'N 


organic layer is dried, inhibited with a small amount of p-rerf-butylcatechol 
and distilled to yield 30 gm (76%) of p-cyanostyrene, b.p. 92°-93°C (3 mm); 
neo 1.5772, 


2-4. Chugaev Method—Preparation of tert-Butyl-1-cyclohexene [23] 


OH ONa 
(CH), + Na (CHs)s 
— cS, 
OCS,Na OCS,CHs 


C(CHs)s C(CHs)s C(CH,)s 
oe, — Cy (19) 


To a solution of 78 gm (0.56 moles) of cis-2-tert-butylcyclohexanol in 400 
ml of benzene is added 11.5 gm (0.5 gm atom) of sodium in small pieces. At 
the end of 4 hr, the sodium salt has formed. It has a gel-like consistency. To 
the gel is added 400 ml of benzene and then 40 gm (0.53 moles) of carbon 
bisulfide. After refluxing for 8 hr, 75 gm (0.53 mole) of methyl iodide is added 
and the refluxing is continued overnight. The next day the sodium iodide is 
filtered off and the solvent is evaporated to yield 91 gm of a yellow solid, 
m.p. 41°-43°C. Heating the solid under gentle reflux at 200°-205°C for 3 hr 
using a nitrogen stream over the liquid yields 30.0 gm (60%) of the product, 
b.p. 165°-170°C, nz> 1.4568. 


2.5, Decarboxylation of p-Chlorocinnamie Acid to p-Chlorostyrene [28] 


Cl {\ CH=CH—COOH oe af \-cuc +00, (20) 
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To a Claisen or distilling flask is added 200 gm (1.1 mole) of p-chloro- 
cinnamic acid, 400 mi of quinoline, and 20 gm of copper powder. The flask is 
heated with a Glass-Col heater so that the vapors remain below 220°C. One- 
third to two-thirds of the reaction mixture is distilled in about 1 hr. The end 
of the reaction is evidenced in the rise of temperature of the vapors to the 
boiling point of quinoline. p-Chlorostyrene is obtained, 126 gm (83%), b.p. 
60°-62°C (6.5 mm), “2° 1.5650. An excess of quinoline may be used if con- 
venient. Other bases such as lepidine may also be used. 


C. Dehydrohalogenation Reactions 


The elimination of hydrogen halides is a very general method for the forma- 
tion of 1-olefins. Basic reagents such as alkali hydroxides, alkoxides, and 
amines are usually employed. Primary halides react less readily than secon- 
dary halides, and tertiary halides are the most reactive. Primary halides tend 
to give ethers and alcohols as by-products [10, 34]. The dehydrochlorination 
of B-chloroalkylbenzenes by methanolic potassium hydroxide yields substi- 
tuted a-methylstyrenes. 


KOH 
Art Chea cH.OH” Ar—C=CHa2 (21) 
R 


2-6. Preparation of 3-Chloro-2-methyl- and 3-Chloro-4-methyl-o-methyl- 
styrene [35] 


CH, 
pie Gis Gils CH 
a H-CH,A —2SH> HAC c-cu,+¢ \-c-cn, 


(22) 


Four hundred and eight grams (2.0 moles) of chloropropylated o-chloro- 
toluene (from propylene chlorhydrin, o-chlorotoluene, boron trifluoride, and 
phosphorous pentoxide) is refluxed with an 85%, solution of potassium 
hydroxide in methanol [392 gm (7 moles) of KOH in 1850 ml of methanol]. 
The methanol is removed by distillation and the remaining liquid is washed 
with water, dried with calcium chloride, and distilled through an efficient 
column under reduced pressure to give 90 gm (26%) of 3-chloro-2-methyl-c- 
methylstyrene, b.p. 64°-65°C (4 mm), f° 1.5340 and 152 gm (48%) of 3- 
chloro-4-methyl-a-methylstyrene, b.p. 73°-74°C (4 mm), nj 1.5520. The 
purity of these materials should be checked by vapor phase chromatography. 


Dehydrohalogenation can also occur during decarboxylation reactions to 
give olefins [36]. 
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RCH=C-COOH + HX > RCH—CH—COOH NAO, RCH=CHR’ (23) 
. x 5 
The Boord synthesis [37] is an interesting method for converting an alde- 
hyde ofithe type RCH,CHO into an olefin ofthe type RCH=CR'R”. 


HO) Br 
RCH,CH=O aor RCHs—CH—OC,H, —2> RCH—CH—OC.Hs (24) 
Br Br 
e OH 
RCHCH—OC,H, “™®", RCH—CH—OC,H, "> RCH=C—OC:Hs (5) 
| | | C,H,;OH 
Br Br Br : R’ 
R’MgBr 


Bi 
RCH=COC,Hs —“> RCH—CR’—-OC:Hs —» RCH—CR’—OC;H, (26) 
R ry CBr Br R* 


Zn dk 
RCH—CR’—OCG.Hs ~“", RCH=CR’R’ 
ir ORY 


Of course, at the intermediate stage [Eq. (25)] the product may be converted 
to an olefin ofithe type RCH=CHR’, 


RCH—CH—OC2Hs Fda RCH=CHR’ (27) 


ae neshol 


The Boord synthesis combines Grignard coupling, dehydrogenation, and 
dehalodealkoxylation with zinc dust. The reaction can be modified to give 
either mono- [38], di- [39], or trisubstituted [40] ethylenes. The method has 
also been applied to the synthesis of'1,4-diolefins which are not easily obtained 
in pure isomeric form by ordinary dehydrohalogenation techniques. 


2-7. Boord Method—Preparation of 1,4-Hexadiene |40) 
(@) Preparation of «-chloropropyl ethyl ether. 
CH ,CH,2CH=0 + HCI + C,Hs—OH ——> CHsCH;—CH—OC2Hs (28) 
1 


Equimolar amounts of propionaldehyde (58 gm) and absolute ethyl alcohol 
(46 gm) are placed in a short-stemmed separatory funnel which is immersed in 
a freezing mixture. Hydrogen chloride gas is carefully passed into the solution 
in such a manner that it does not pass through the aqueous layer which is 
slowly forming. Using this technique, violent agitation is avoided. The addi- 
tion is stopped after there is a 57, excess of the theoretical gain in weight. The 
excess hydrogen chloride is removed at reduced pressure and the water white 
product is not distilled but used directly in the next step. 
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(6) Bromination of «-chloropropyl ethyl ether. 
ee ei OGHe + Bry —> ee eee + HCl (29) 
cl Br Br 


In a hood, the e-chloropropyl ether is cooled in an ice bath and 160 gm 
(1 mole) of bromine is added very slowly so that decolorization occurs before 
each addition. The reaction is rapid but slows down at the end. The evolved 
gas is mainly hydrogen chloride. Distillation of the crude material under re- 
duced pressure yields 90-97%, of the «,8-dibromopropyl ethyl ether, b.p. 
79°-82°C (20 mm), #2” 1.5000. 


(c) Condensation with allylmagnesium bromide. 
CH;—CH—CH—OC,H; + CH,=CH—CH,MgBr —> 


Br «Br 
CH,—CH—CH—OGH; (30) 


Br CH,—CH=CHa 

To a three-necked flask is added 75 gm of magnesium turnings and 200 ml 
of anhydrous ether. The stirred reaction mixture is cooled to 0°-5°C and 
121 gm (1.0 mole) of allyl bromide in 570 ml of anhydrous ether is added drop- 
wise over a period of 8~9 hr. In order to initiate the reaction a few pieces of 
magnesium are crushed under ether in a test tube and an ether solution of 
allyl bromide added. When the reaction starts the test tube contents is added 
to the flask. When the addition of allyl bromide has been completed, the reac- 
tion mixture is allowed to remain at room temperature for 4 hr. The llyl- 
magnesium bromide is filtered from the unused magnesium and placed in a 
2 liter three-necked flask. While cooling with ice, «,8-dibromopropyl ethyl 
ether dissolved in an equal volume of ether is added slowly to a slight excess 
of the Grignard reagent, After completing the addition, the mixture is stirred 
for an additional 2 hr. The contents are hydrolyzed by pouring into a beaker 
of cracked ice containing dilute hydrochloric acid or ammonium chloride, 
The ether layer is separated, dried, distilled to remove ether and the residual 
oil is subjected to steam distillation. The desired B-bromo ether separates in 
the distillate. Separation of the oil, drying over sodium hydroxide, and dis- 
tillation under reduced pressure yields the product in 38-43%, yield, b.p. 
72°-75°C (15 mm), np 1.4592, 

(d) I,4-Hexadiene. 
CHsCH—CH—OC,Hs + Zn —> 


r CH,—CH=CHy 
CH,;CH=CH—CH,—CH=CHa + ZnBr(OC;Hs) (1) 


To 100 gm (0.524 mole) of «-allyl-8-bromopropyl ethyl ether, and 225 ml of 
n-propy) alcohol is added 100 gm (1.54 gm atom) of zinc dust. The mixture is 
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heated to reflux for 15 hr. The contents are then distilled to yield 38 gm of a 
crude distillate. The distillate is washed five times with ice water (one-half 
ofiits volume of water each time), dried with calcium chloride, and distilled 
twice from metallic sodium to remove absorbed alcohol. The product b.p. 
64.3°-64.6°C (745 mm), 3° 1.4162 is obtained in 677, yield. 


D. DEHALOGENATION OF DIHALIDES 


RCH—CHs + Zn dust Beane! | RCH=CHe (32) 


Br sOBr 


This reaction has very little preparative value since one usually prepares the 
dibromide from the olefin by the addition of bromine. Usually no isomeriza- 
tion of the carbon chain takes place in the regeneration of the olefin. Zinc 
dust and 95% ethanol are the most common dehalogenation reagents [41]. 
The reaction is usually carried out at the reflux temperature of the solvent. 

In the case of 1,2,5-tribromopentane, 5-bromo-1-pentene is isolated in 71% 
yield [42]. 


Broce Me- Cite Cie, CH Cee —> Br—CHz—CHz—CH2~CH=CHe (33) 
Br 


Thus an isolated halogen is unaffected by zinc under the conditions of this 
reaction. 


a. REACTIONS OF 1,1-DiHALOCYCLOPROPANES—INSERTION OF A CARBON 
ATOM BETWEEN THE ATOMS OF A DouBLE BOND [43-45] 


Reacting olefins in the presence of chloroform or bromoform with potas- 
sium tert-butoxide yields 1,1-dihalocyclopropanes. Heating the latter com- 
pounds with aqueous silver nitrate or silver acetate—acetic acid gives halo 
allyl alcohols or halo allyl acetates, respectively. 


RaC=CRa + CHBrs + KO-tert-Bu —> RoC—CRs are RsC==C--CRqg = (34) 
c Br OH 
“\ 
Br Br 


This reaction affords a general method for extending the carbon chain 
through insertion of a carbon atom between the olefinic double bond [43-45]. 
References to related reactions have been reported [43]. 

Cyclopentene yields 2-bromo- or 2-chloro-2-cyclohexene-1-ol when pre- 
pared from the 1,1-dibromo- or 1,1-dichlorobicyclo{3.1.0Jhexane, respec- 
tively. Analogous results are obtained with the cyclohexene series giving 


/ 
| 
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2-halo-2-cycloheptene-1-ol. When the R groups in the olefin are methyl 
groups the reactivity is increased. In addition, as a result ofisteric strain, the 
bicyclohexane series is more reactive than the bicycloheptanes, 

Pyrolysis of the 1,1-dihalocyclopropanes also gives halo allyl halides, which 
subsequently can react to give allyl alcohols, ethers, etc. [43-47]. 


RaC--CRa —> RgC==C—CRa es RaC=C—CRy (35) 
“f x x x bu 
x \ [pot RsC=C—C—Rg 
x OR 


1,1-Dihalocyclopropanes also react with sodium [48], magnesium (48], and 
methyl- or butyllithium [49] to give allenes. 


Beye + M — > RaC=C=CRz + MXa (6) 


Sy 
x Xx 


2-8. Preparation of 2-Chloro-3-hydroxycyclohexene from Cyclopentene {49a, 50} 


a + CHCl + KO—tert-Ba + Cr MOOTED" 
‘OH 
a 


To a cooled (0°-5°C) flask containing 235.2 gm (2.1 moles) of freshly pre- 
pared, or a good commercial grade of, solid potassium tert-butoxide is added 
204 gm (3.0 moles) of cyclopentene. Chloroform (298 gm, 2.5 moles) is added 
over a 2 hr period while the temperature is kept at 5°-10°C. The organic layer 
is then washed with water, dried, and distilled to yield 6,6-dichlorobicyclo- 
[3.1.0]hexane, b.p. 87°-90°C (61 mm), 3? 1.4907-1.4941, 39% based on 
cyclopentene. 

To 34.9 gm (0.23 mole) of the above dichloride is added 100 ml of water 
containing 88 gm (0.425 mole) of dissolved silver perchlorate. The mixture is 
stirred for 54 hr at 90°-100°C and filtered. The organic material is isolated by 
extracting with ether, drying, and distilling. The product, 2-chloro-3-hydroxy- 
cyclohexene is isolated in 25.6 gm (847%) yield, b.p. 80°C (11 mm), ng? 1.5093. 


The dibromocyclopropanes are much more reactive and thus give better 
conversions to product. The dihalocyclopropanes described in Chapter 6 may 
all be rearranged to the allylic alcohol or acetate by a procedure analogous to 
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that described above [49a]. For additional references to this reaction see 
reference [49a]. 


3. CONDENSATION REACTIONS 


A, The Wittig Synthesis of Olefins (51-55, 55a] 


In 1953 Wittig and Geissler discovered that methylene triphenylphos- 
phorane reacted with benzophenone to give 1,1-diphenylethylene and tri- 
phenylphosphine oxide in almost quantitative yield. The phosphorane was 
prepared from triphenylmethylphosphonium bromide and phenyllithium. 


CgHg—-Li (CyHg)aCrmO 
[(CoHe)aP—CHa]8r os (CgH,)aP=2CH, tteue™9, 


(CoHs)eC==CHa + (CoHs)sPO (38) 


The advantage of' the Wittig method is that a carbonyl group is replaced 
specifically with a carbon-carbon double bond. Furthermore, the reaction is 
carried out under mild alkaline conditions at low temperatures, which allows 
sensitive olefins to be easily prepared. 

Other bases such as butyllithium, sodium amide, and alkali alkoxides can 
be substituted for phenyllithium. The solvent may either be ether, tetrahydro- 
furan, or dimethylformamide. Polar solvents give better yields than solvents 
such as benzene. 

The reaction of ylids of the type RzP:=CHCOOC,H; has been used to 
prepare unsaturated esters [56, 57]. 

Carbenes can also add to triphenylphosphine. This leads to alkylidene 
phosphoranes [58-61] which can be ysed for the synthesis of 1,1-dihaloolefins. 

Recently [62], vinyltriphenylphosphonium bromide has been reported to 
react with diethyl (3-oxobutyl)malonate in the presence ofsodium hydride to 
give diethyl (4-methyl)-3-cyclohexcne dicarboxylate in 51°, yield. Five and 
six-membered cycloalkenes can be prepared using this procedure. 

A modification of the Wittig reaction is the use of dimethyl sulfoxide as a 
solvent [63]. The yields of olefins that are obtained are superior to that 
obtained using the example of the Wittig reaction [64]. Sterically hindered 
ketones react with greater ease in dimethyl sulfoxide than in other solvents. 
In addition, this method gives excellent yields on the micro scale using a stan- 
dard solution of methyl] sulfinyl carbanion [65]. 


3-1, Wittig Method—Prepavation of Methylenecyclohexane in Dimethyl 
Sulfoxide Solvent [63] 
Sodium hydride (0.1 mole; 55%, dispersion in oil) is washed with n-pentane 
to remove the traces of oil. The flask is flushed with nitrogen and 50 ml of: 
dimethyl sulfoxide (DMSO) is added by means of a hypodermic syringe. The 
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i] 
((CoH,),PCH,]Br + CHyS—CH,Li —~ 


one 
(C,H,);P—CH, —, + (C,Hs)sPO (39) 


mixture is heated at 75°-80°C for approximately } hr or until the hydrogen 
evolution ceases. To the resulting solution of methylsulfinyl carbanion which 
is cooled with ice is added 0.1 mole (35.7 gm) of methyltriphenylphosphonium 
bromide in 100 ml of warm DMSO. The solution turns red and it is stirred for 
an additional 10 min. Freshly distilled cyclohexanone, 10.8 gm (0.11 mole), is 
added to the ylid and the reaction mixture is stirred at room temperature for 
30 min. The immediate distillation of the mixture yields 8.10 gm (86.3%) of 
methylenecyclohexane, b.p. 42°C (105 mm), which is collected in a Dry Ice 
trap. The reported [64] boiling point is 99°-101°C (740 mm). 


The preparation of 1,2-distyrylbenzene [66] in 84% yield is described as a 
representative example of the unmodified Wittig reaction. 


3-2, Preparation of 1,2-Distyrylhenzene |66) 


CH,Br CHLP(CHe |” 
CH,Br CH,P(C.Hs)s 


CH=-CH—C,H, 
CL + 2 LiBr + 2 CsH,OH + 2(CgHs)sPO (40) 


‘CH=—CH—C,H, 


A solution of 66.1 gm (0.25 mole) of o-xylylene dibromide and 142.5 gm 
(0.55 mole) of triphenylphosphine in 500 ml of dimethylformamide (DMF) is 
heated under reflux. After the first 10-15 min, a colorless crystalline solid 
begins to separate and the refluxing is continued for 3 hr. The mixture is cooled, 
filtered, and the solid is washed with DMF and ether. After air-drying 175.9 
gm (89.4%) of pure o-xylylene. bis(triphenylphosphonium) dibromide, m.p. 
> 340°C is obtained. 

To a solution of 42.5 gm (0.054 mole) of o-xylylene bis(triphenylphos- 
phonium)dibromide and 12.6 gm (0.119 mole) of benzaldehyde in 150 ml of 
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absolute alcohol is added 500 ml of 1.4 M lithium ethoxide in ethanol. After 
standing at room temperature for 30 min the solution is refluxed for 2 hr to 
yield a red-orange solution. Concentrating the mixture to 100 ml and adding 
300 ml of water causes the precipitation of a yellow oil which is extracted with 
ether. Upon concentrating the ether solution, a mobile oil is isolated which is 
purified by column chromatography using alumina (Fisher A540, 2.5 x 55 
cm). Elution with 250-300°ml of low-boiling petroleum ether gives an oil 
which solidifies on further evaporation of the residual solvent. The combined 
solids are recrystallized from ethanol to yield 12.7 gm (84%) of colorless 
crystals melting at 117°-119°C. 


Using phosphonate carbanions is a further modification of the Wittig reac- 
tion which is useful in preparing sensitive olefins [67, 68]. In addition, the 
reagent is not affected by atmospheric oxygen. 


RCHO + (C,Hs0)2P(O)CH2R’ 78, RCH=CHR’ + HOP(OXOC:Hs)z (41) 


3-3. Preparation of trans-Stilbene Using Phosphonate Carbanions (67, 69] 
(CzHs0)sP + CeHsCH2C] —> (C2H;0),PO(CH2C,Hs) + CHCl (42) 
(CsHs0)2POCHaCHs + NaH —> [(CaHs0),POCHCeHs]Na + Ha 43) 
CBSCHM 0, CgHsCH==CHCeHs 
+(C2H30)2P—O 


HH 


The phosphonates may be prepared by the Michaelis-Arbuzov reaction of 
the corresponding halides with triethyl or trimethyl phosphite (70, 71]. 
Forty grams of triethylphosphite is refluxed with an equimolar amount of 
benzyl chloride (30 gm) for 24 hr. Distillation of the mixture gives diethyl 
benzylphosphonate (50 gm), b.p. 170°-174°C (15 mm). 

Diethyl benzylphosphonate, 11.4 gm (0.05 mole) 50% sodium hydride 
(2.4 gm, 0.05 mole), and 5.3 gm (0.05 mole) of benzaldehyde are added to 
100 ml of dry 1,2-dimethoxyethane. The mixture is heated slowly. At 70°C a 
large evolution of gas occurs and a semisolid precipitate forms. The mixture is 
heated to 85°C and then refluxed for 4 hr. After cooling and adding water the 
mixture is filtered. The precipitate is recrystallized from ethyl alcohol to give 
5.6 gm (62.67) of white crystals, m.p. 124.5°C, 


A more recent development involves the use of phosphonate carbanions in 
the preparation of acetylenes and «-chlorostilbenes in good yields by the 
process outlined in Eq. (44) [72]. 
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(Ar0),P(O)H + RCHO —> (ArO),P(O)CH(RIOH TOC*,. 
(Aro), PEO)CH(RIC] ~“B=2, RO=CHR’ 


Nall 
a 
RHMO. RC=CR’ 44 
2.NaH — “4 
B. Condensations Involving Acetylenes (Vinylation Reactions) 
CH.=CHOR CH,=CH—CI 
~~ va 
=H 5 ace CHsCOOH 
CHis=CH--C=H ae NAGI CH=CH —> CHg==CHOCOCHs 
e/ ‘x 
CHa =CH—COOH CH,=CHCN (45) 


Acetylene reacts with alcohols in the presence of basic catalysts under pres- 
sure to give vinyl ethers [73, 73a]. Glycols, acids, and amines are condensed 
under similar conditions [73]. Mercury salts are effective catalysts for the 
condensation with hydrogen chloride and acids [74]. Very few simple labora- 
tory procedures involving acetylene exist, however, one good example is the 
preparation of vinyl! chloroacetate in 497, yield [75]. Yields up to 60% at 
atmospheric pressure and 86%, under pressure have been reported when using 
6% by weight ofi mercuric oxide catalyst [76]. The procedure given below was 
used by the authors to prepare vinyl chloroacetate in 32-42% yield [10]. 
Another method for the preparation of this material utilizes a method similar 
to that described for the preparation of vinyl caproate in Chapter 10 on ester 
syntheses. 


3-4 Preparation of Vinyl Chloroacetate [10, 75a] 


HC=CH + CICH,COOH ced CICH,COOCH=CH, (46) 

To a 12 liter, three-necked flask equipped with a stirrer, thermometer, 
condenser, gas inlet and outlet tubes are added 2500 gm (26 moles) of chloro- 
acetic acid, 250 gm of yellow mercuric oxide, 100 gm of freshly prepared 
mercuric sulfate (from 100 gm of mercuric oxide and 26 ml of concentrated 
sulfuric acid) and 2.5 gm of hydroquinone. The flask is heated by a steam—hot 
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water bath to approximately the melting point of chloroacetic acid (56°C). 
Acetylene is then bubbied in carefully (using a hood) until the addition of 
26 moles (0.027 moles/min) has been completed (about 6 hr). After the first 
4 hr the reaction mixture is cooled to 50°-56°C and the temperature is main- 
tained for the remaining addition time. The crude black product is filtered, 
inhibited with 25 gm of hydroquinone, 2 gm of phenothiazine, and 2 gm of 
methylene blue and distilled through a 1 ft column to give 1 kg of product 
(32%) b.p. 37°-38°C (16 mm), m3? 1.4436. The final product is inhibited with 
0.25% hydroquinone before storing. The omission of mercuric sulfate has 
also given good yields [75a]. 

~» Recently the facile trimerization of 2-butyne has been reported to give 
hexamethyl-Dewar benzene (hexamethylbicyclo[2.2.0]-2,5-hexadiene) when 
anhydrous aluminum chloride is used as the catalyst [76a]. The use of cyclo- 
butadieneiron tricarbonyl complex [76b, 76c] to give similar derivatives is 
summarized in the Introduction section. The scope of the trimerization reac- 
tion has not yet been determined. As a result of: the widespread interest in 
Dewar-benzene derivatives, the preparation of hexamethyl-Dewar benzene is 
given below. 


3-5. Preparation of Hexamethyl-Dewar Benzene (Hexamethylbicyclo|2.2.0}- 
2,5-hexadiene) from 2-Butyne [76a] 


CHs CHs 
2CH,—C=C—CH, A, CHR OECS CHa, 
CH; ; CHs 
AICI, 
CH, CH, 
CH, CH; CHs CH, 
+ 7) 
a 
cH, CH, CH, Hy 
CH, CH, 


To a 3 liter flask equipped with stirrer, dropping funnel, condenser, and 
drying tube is added 50 gm (0.375 mole) of freshly sublimed aluminum 
chloride and 1 liter of benzene (dried over sodium metal). Then 2-butyne is 
slowly added from a dropping funnel at temperatures no higher than.35°C 
until 1 kg (18.5 mole) has been added. The addition requires approximately 
2.5 hr and the mixture is stirred for an additional 4 hr at 35°C. If the reaction 
is carried out at 20°C then the reaction time is approximately 20 hr. The reac- 
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tion mixture is cooled and 50 to 100 ml of water is added to decompose the 
catalyst. The addition of water is stopped when the initially brown mixture 
turns pale yellow. Approximately 200 gm (3.7 mole) of 2-butyne is removed by 
distillation at 200 mm pressure and is collected in two successive receivers 
cooled by a Dry Ice—-methanol bath. 

The 2-butyne-free benzene solution is washed with water until neutral, 
and is then fractionally distilled under reduced pressure to give 490 to 510 gm 
(61-647,) of hexamethylbicyclo[2.1.0]-2,5-hexadiene, b.p. 43°-45°C (15 mm), 
n3? 1.4479, m.p. 7°C. The distillation residue affords 150-165 gm (19-21%) of 
hexamethylbenzene. 

Hexamethylbicyclo[2.1.0]-2,5-hexadiene (hexamethyl-Dewar benzene) is 
stable for several months when kept refrigerated and for a long time at room 
temperature when kept protected from light. 

The infrared spectrum of hexamethylbicyclo[2.1.0.]-2,5-hexadiene shows a 
weak band at 1680 cm~+ (CC in strained ring systems), and bands at 1370 
cm™~* (—CHsg), 1060 em-1 (CH;—C=C—), 1280 1220, 735, and 660 cm7* 

Trimerization in boiling benzene yields 80-907, of hexamethylbenzene, 


C. Condensation of Aldehydes and Ketones with Themselves or with Other 
Active Methylene Compounds 
OH 
2RCH,CHO ae RCH,—CH—CHCHO —> RCH,—CH=C—CHO 
(48) 


Perkin 
ArCHO + (RCHsCO), + RCOONa ———> An (49) 
R 


Claisen 
ArCHO + CH3;COOC,Hs ron ArCH=CH—COOCG.Hs (50) 


RCH,CHO + CH,(COOH), “"""""> RCH,-CH=CH—COOH 51) 


OH- 
RCHO + R’CH,NO, ——> RCH=C—NO, (52) 


The aldol, Perkin, and Knoevenagel condensations of active methylene 
compounds with aldehydes give olefins which are probably derived from the 
intermediate alcohols, as is true in the aldol condensation shown above. The 
Perkin, Knoevenagel, and Claisen reactions are described in further detail in 
the chapter on carboxylic acids (Chapter 9). 

The aldol condensation [77] yields alcohols which in some cases dehydrate 
easily at room temperature upon acidification by acetic acid. For example, 


34 2. Olefins 


the condensation of benzaldehyde with butyraldehyde gives c-ethylcinnamal- 
dehyde in 58%, yield [78]. 

The condensation of methyl ketones with simultaneous dehydration to give 
olefinic ketones can be accomplished in 70-80%, yields [79]. 

Aliphatic and aromatic aliphatic nitro compounds which contain an active 
methylene group can condense with carbonyl compounds. The nitro alcohols 
[80] can be subsequently dehydrated to the olefin compound, a reaction dis- 
cussed further in the chapter on nitro compounds (Chapter 16). 


3-6. Aldol. Condensation—Preparation of a-Ethylcinnamaldehyde [78) 
C.sH,CHO + C,HsCH2CHO —> GOH CHO (53) 
G.Hs 
To 15 gm of a 50% solution by weight of potassium hydroxide and 175 gm 
of ethanol is added 110 gm (1.1 mole) of benzaldehyde. The reaction mixture 
is stirred and cooled to 5°C while 50 gm (0.69 mole) of butyraldehyde is added 
over a period of 3 hr. Then the reaction mixture is allowed to remain over- 
night at room temperature. Acidification, filtration, and then distillation 
yield 65 gm (58%) of a-ethylcinnamaldehyde, b.p. 111°-112°C (7 mm), 3° 
1,5822, 


D. Coupling and Grignard Reactions 


Several olefins can be coupled with each other or with other materials by 
the elimination of hydrogen halide, sodium halide, magnesium halide, or 
carbon dioxide. 

The reaction of cinnamic acid with aryl diazonium salts in the presence of 
sodium acetate and cuprous chloride leads to substituted stilbenes in low 
yields (Meerwein condensation) [81]. The aryl radical may have halo, nitro, 
alkyl, ether, or ester [81-84] substituents. 


Ar’'CH==CHCOOH + ArNa*X- = Ar‘CH=CHAr + Na + COs + HX (54) 

Grignard coupling is a good method for the preparation of I-alkenes. 
The reaction is exothermic and it occurs readily at room temperature, how- 
ever, short periods of heating may sometimes be required to complete the 
coupling process, For example, neopentylethylene is prepared in 85°, yield 
by reacting allyl bromide with tert-butylmagnesium chloride in ether at 
temperatures below 5°C [41]. See also the Boord method for the coupling of 
allyl magnesium bromide, in section 2-7 of this chapter. 

Allylmagnesium halide can also be reacted with carbonyl compounds to 
give substituted allyl alcohols. The Barbier-Grignard procedure is recom- 
mended since it involves a one-step preparation of the Grignard reagent in the 
presence of the reactive carbonyl compound [85]. 
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Recently, fluoro olefins have been prepared by the reaction of allyl- 
magnesium bromide and fluoro olefins [86]. 
Vinylsodium may also find use in such reactions [87]. 


CHa==CH—Na + RX —> CHs=CHR + NaX (55) 


_ Wurtz-type coupling of allyl and methallyl chloride gives trienes in 30%, 
yields, In this case, sodium amide in liquid ammonia can be used as the 
condensing agent [88-90]. 


2. CHa=C—CHaCl + 2 NaNH, 2 N#, 


‘Ho 
CHa==C—CH=CH—C=CH, + 2NaCl+2NHs (56) 


‘Hs Hs 


The reaction of allyl alcohol with acids or of allyl chloride with sodium 
carboxylates in dimethylformamide (DMF) gives good yields of allyl esters 
[91]. Omitting the use of DMF gives poor yields and in some cases no reac- 
tion. 


3-7. Preparation of Diallyl Isopkthalate [91] 


COONa COOCH,—CH=CH, 
+ 2 CH,=CH—CH,c1 -PMF, 


COONa COOCH,—CH=CH, 
(7) 


To a flask containing 1382 gm (6.6 moles) of disodium isophthalate is added 
1515 gm (19.8 moles) of allyl chloride and about 5 liters of dimethylforma- 
mide. The mixture is refluxed for about 24 hr. Sodium chloride is filtered off 
and the filtrate is distilled to yield 1331 gm 82% (based on sodium iso- 
phthalate reacted) of diallyl isophthalate, b.p. 120°-135°C (1-4 mm), n° 
1,0221. 


E, The Diels~Alder Reaction [92-95] 


The Diels-Alder reaction involves the 1,4-cis addition of an olefinic com- 
pound to a conjugated diene to afford an olefin. The olefinic compound 
usually contains electron-withdrawing groups to activate its addition, e.g. 
carboxylic acid groups. For example, butadiene reacts with maleic anhydride 
to give tetrahydrophthalic anhydride in 90% yield [5]. The latter reaction is 
carried out in a vessel under pressure since butadiene is volatile. However, 
dienes such as 1-phenyl-1,3-butadiene or furan do not require pressure. In 
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fact, the reaction of: maleic anhydride with furan is exothermic and requires 
cooling [92]. 


3-8, Preparation of cis-Cyclohexene-1,2-dicarboxylic Anhydride {96] (cis- 
Tetrahydrophthalic Anhydride) 


CH, 
Z HC—CO 
cH \ cor 
| + o— >o (58) 
cH / co 
\ HC—¢o 
‘CH, 


To a carefully tared soda bottle is added 50 gm (0.51 mole) of maleic an- 
hydride, and 80 ml of benzene. The bottle is chilled to 0°C and 32 gm (0.59 
mole) of butadiene is added. The bottle is capped and placed in an autoclave 
along with 100 ml of benzene in order to equalize the pressure on both sides 
of the bottle. The reaction mixture is allowed to remain at room temperature 
for 12 hr and is then heated for 5 hr at 100°C. The solid product is recrystal- 
lized from benzene-petroleum ether, to yield 69.6 gm (90%), m.p. 101°-103°C. 


4, REDUCTION REACTIONS 


R’'C=CR 5 R’CH=CHR (59) 


Acetylene derivatives can be catalytically reduced by several catalysts in 
the presence of hydrogen [97] or with sodium and liquid ammonia [97]. 
Pure trans-olefins in 90%, yields result using the latter reagent with dialkyl 
acetylenes [97]. Acetylenic alcohols [98], ethers [99], and acids [100] are 
reduced to the corresponding olefinic compounds. cis-Olefins are obtained 
using palladium catalysts in hydrogenations [101]. 

.A more recent method [102] for the reduction of acetylenes is the use of a 
hydroborating agent of large steric requirements such as disiamylborane to 
convert internal as well as terminal acetylenes to vinylboron compounds in 
quantitative yields. The vinylboron compounds are protonated at room 
temperature by acetic acid to give cis-olefins in high purity from internal 
acetylenes and 1-olefins from terminal acetylenes. 


RC=CR + Ry'BH —> RCH=C—-BR! =, RCH=CHR (60) 
R 
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4-1. Hydroboration of I-Hexyne to 1-Hexene [102] 
CHs H CHs 


2.CH,—¢—CH—-CHy + NaBH + BFs > ne—¢_dn—cH,), EXCH oacH 
as 
H CHs 
CH,(CH,);CH=CHBC. <-t CH), > CHACH)sC=CH. (61) 
CH, 


To a dry three-necked flask is added 33.6 gm (0.48 mole) of 2-methyl-2- 
butene and 6.8 gm (0.18 mole) of sodium borohydride in 100 ml of diglyme. 
The reaction flask is immersed in an ice bath and to it is added dropwise with 
stirring 32.2 gm (0.24 mole) of boron trifluoride etherate. After the addition 
is completed the reaction mixture is stirred for 2 hr at 0°-5°C. 

To the disiamylborane (bis-3-methyl-2-butylborane] prepared as above is 
added 16.4 gm (0.20 mole) of 1-hexyne as fast as possible while keeping the 
temperature below 10°C by use of an ice-water bath. After the addition, the 
flask is allowed to remain at 0°-5°C for 4 hr and then for 2 hr at room 
temperature. A small amount of ethylene glycol is added to decompose the 
residual hydride. While keeping the reaction mixture at 0°C, 100 ml of glacial 
acetic acid is added and then the mixture is allowed to remain at room 
temperature for 2 hr. The reaction mixture is poured into ice water, the upper 
layer is separated, washed with sodium hydroxide solution, washed with a 
saturated sodium chloride solution, dried, and distilled from a Claisen flask. 
The fraction boiling up to 80°C is collected and saturated with sodium 
chloride. The upper layer is decanted onto anhydrous potassium carbonate. 
Distillation through a Todd micro-column yields 1-hexene, 12.0 gm (727%), 
b.p. 64°C (743 mm), np? 1.3879. 


The Birch reduction of aromatic compounds yields 1,4-dihydroaromatics 
and cyclohexenes under more drastic conditions [103}. Benkeser [104] has 
improved the reaction by using lithium in low molecular weight amines. Iron 
has been found to catalyze the sodium-ammonia-alcohol reaction in the 


Birch reduction [105]. 
OC + Na(NH,) + C,H,OH Buch 
FOrUe 
Benkeser 


O + Li(C,Hs)sN + C,ZH,OH 
modification 
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4-2. Modified Birch Reduction Using Lithium in an Amine-Alcokol System— 
Preparation of 2,5-Dihydroethylbenzene [104] 


C.Hs 
+ Li + CH;NH, + CH,CH,CH,OH ——> 


CaHs C.Hs C.Hs CHs 


weno 


Minor amount 


In a three-necked flask fitted with a stirrer and a Dry Ice condenser is 
placed 21.2 gm (0.2 mole) of ethylbenzene, 30.0 gm (0.5 mole) of |-propanol, 
and 300 ml of methylamine. Lithium wire, 3.15 gm (0.45 gm atom) is added in 
two portions and it is entirely consumed within 30 min. Afterwards, the Dry 
Ice condenser is replaced with a water condenser and the methylamine allowed 
to evaporate off in a hood. The reaction mixture is then hydrolyzed carefully 
by slowly adding water to the flask, extracting with ether, drying, stripping 
the solvent, and distilling the yield 16.6 gm (78%) of a crude mixture consisting 
of 89%, 2,5-dihydroethylbenzene, 8%, of 1-ethylcyclohexene, and 3% mixture 
of 3- and 4-ethylcyclohexene. Redistilling carefully in a Todd column (75/1 
reflux ratio) affords 9.6 gm (46%) of purified 2,5-dihydroethylbenzene [106], 
bp. 140°-142°C, nt 1.4710. 


5. ISOMERIZATION REACTIONS 


RCH=CH-CHgR’ >» RCH,CH=CHR’ (64) 


Thermal isomerization over alumina at 470°-480°C converts cyclohexene 
to alkyl cyclopentenes [107]. 

The Claisen rearrangement [108, 109] of allyl phenyl ethers to o-allylphenol 
in the presence of base is a reaction giving good yields. Ortho substituents 
on the allyl phenyl ethers do not effect the predominant formation of the 
ortho isomer in the rearranged product [110]. 


5-1. Claisen Rearrangement—Preparation of Allyl Phenyl Ether. andi Its 
Rearrangement to 2-Allylphenol [108, 109} 

‘To a flask containing 188 gm (2.0 moles) of phenol is added 242 gm (2.0 

moles) of ally! bromide, 280 gm (2.0 moles) of anhydrous potassium car- 
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bonate, and 300 gm of acetone. The mixture is refluxed on the steam bath for 
8 hr, cooled, diluted with an equal volume of water, and extracted with ether. 
The ether extract is washed twice with 107, aqueous sodium hydroxide, dried, 
the solvent stripped off, and the residue distilled under reduced pressure to 
yield 230 gm (86%) of allyl phenyl ether b.p. 85°C (19 mm). 


OH OCH,—CH=CH, OH 
CH,—CH=CH, 
+ CH,-=CH—CH,Br —> Heat. | 
WN 


(65) 


The allyl phenyl ether is rearranged by boiling at 195°-200°C at atmos- 
Ppheric pressure under nitrogen until the refractive index of the liquid remains 
constant (5 to 6 hr to get n3* 1.55). The crude material is dissolved in 20%, 
sodium hydroxide solution and extracted twice with 30°-60°C petroleum 
ether, The alkaline solution is acidified, extracted with ether, dried, the solvent 
stripped off, and the remaining liquid distilled under reduced pressure to yield 
73%, of 2-allylphenol, b.p. 103°-105.5°C (19 mm), n§* 1.5445, 


6, MISCELLANEOUS METHODS 


A, Elimination Reactions 


(1) Pyrolysis of a-bromoacetates in the presence of trialkyl or triaryl 
phosphoranes [111]. 
(2) Cis elimination of thionocarbonates [112, 113]. 
(3) Olefins via desulfurization of sulfones and a-halosulfones [114, 115]. 
(4) Desulfurization of thioacetals [116]. 
(5) Olefins by the base-catalyzed reaction of aliphatic sulfones and 
sulfoxides at 55°C [117]. 
(© Pyrolysis of ethylene sulfones to stilbenes [118]. 
(7) Vinyl acetylenes by the base-catalyzed elimination of sulfonates [119]. 
(8) Desulfurization of thioketones to give olefins [120]. 
(9) Thermal decomposition of alkyl lithium compounds [121]. 
(10) Thermal decarboxylation of diary! fumarates to stilbene [122, 123]. 
(11) Pyrolysis of amine oxides to give olefins [124, 125]. 
(12) The Leukert reaction and deamination to give olefins [126]. 
(13) Kishner eliminative reduction of haloketones [127]. 
(14) Dehydrogenation of saturated hydrocarbons with iodine [128]. 
(15) Dehydrogenation of ethylbenzene to styrenes [129]. 
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(16) Pyrolysis of tetrahalomethanes to tetrahaloethylenes [130]. ; 
(17) Preparation of 1-methylcyclopropene from methallyl chloride and 
sodamide [131]. 


B. Condensation Reactions 


(1) Preparation of alkyl vinyl ethers from ethylenes and alcohols [132]. 
(2) Thermal addition of acetylene to olefins to yield diolefins [133]. 
(3) 1,4-Hexadienes from ethylene and butadiene [134]. 
(4) Vinyl esters by the condensation of ethylene and acids [135]. 
(5) Coupling of thiocarbonyl compounds to diarylethylenes [136]. 
(6) Condensation of primary alkylmagnesium halides with carbon 
monoxide under pressure [137]. 
(7) Condensation of acetylene with carbon monoxide to give acrylic 
acids [138]. 
(8) Olefins from the condensation of aromatic aldehydes with dimethyl 
sulfone [139]. 
(9) Organometallic styrenes by the condensation of styrylmagnesium 
halide and halogenated organometallics [140]. 
(10) Ariens-Dorp Synthesis of «,B-unsaturated aldehydes [141]. 
(11) Trans vinylation of esters using vinyl acetate [142]. 
(12) Reaction of Cs dicarbene with olefins to give allenes [143, 144]. 
(13) Reaction of vinylidene carbene with olefins to give allenes [145]. 
(14) Catalytic addition of ethylene to 1,3-dienes to give 1,4-dienes [146]. 
(15) Linear dimerization of butadiene with ferric chloride to trienes [147]. 
(16) Photosensitized cycloaddition of haloethylenes and 1,3-dienes [148]. 


C. Oxidation Reactions 


(1) Oxidative condensation of 2-methoxy-4-nitrotoluene to  stilbenes 
[149, 150]. 
(2) Preparation of acrylonitrile from propylene and.ammonia [151]. 


D. Reduction Reactions 


(1) Reduction of acetylene halides to allenes [148]. 


(2) Reduction of acetylene compounds with chromous sulfate to trans- 
olefins [152]. 


E. Isomerization and Rearrangement Reactions 


(1) Trimerization of vinylacetylene [153]. 
(2) Thermal isomerization of 3,4-dimethyl-1,5-hexadiene to octadienes 
(Cope rearrangement) [154, 155]. 
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(3) Therma! isomerization of cyclooctatetraene to styrene [129]. 

(4) Cope allyl-viny! rearrangement [154]. 

(5) Rearrangements in allylic systems undergoing electrophilic and nucleo- 
philic substitution [156]. 
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1, INTRODUCTION 


The two most important synthetic methods for introducing an acetylenic 
group into the molecule involve the elimination of hydrogen halides [Eq. (1)] 
or condensation with acetylenic derivatives. 


aw Pon } =", RC=CH ) 

Condensation reactions of alkyl halides and carbonyl compounds with 

organometallic derivatives of acetylene or with acetylene itself are quite useful 
in the laboratory and in industry [1]. 


RaC=0 + HC=CH > RxC—C=CH Q) 
HH 
RC=C—M + R’X —>» RC=CR’ + MX @) 


where M = metal. Of minor importance are the oxidation methods. ; 
Recently several reviews [2-4] have appeared which describe the synthesis 
and chemistry of acetylenes. 
65 
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2. ELIMINATION REACTIONS 


Hydrogen halides can either be eliminated from 1,1-, or 1,2-dihalogenated 
hydrocarbons or from 1-halo olefins to yield acetylenes in good yields. 


RE—CH, RCH=CH—X 


x 
 . RCHS=CH (4) 
RCH—CHs, RCH:CHX, 
x 
Base 
RCH=C-R, RCX:CHR, RCH—CHR "> RO=CR @) 
x x x 


The most frequently used bases in the above dehydrohalogenations are 
finely divided potassium hydroxide [5S] and sodium amide [6]. Alcoholic 
potassium hydroxide [7] tends to cause the isomerization of 1-acetylenes to 
internal acetylenes (Favorskii rearrangement). Aromatic acetylenes are not 
effected. Sodium amide may cause the reverse rearrangement from internal 
acetylenes to 1-acetylenes [8]. Impure sodium amide may be an ineffective 
reagent and should not be used since dangerous (explosive) peroxides may be 
present [9]. 


2-1. Preparation of 1-Butyne from 1,2-Dibromobutane [10] 


OH 
CHsCH,—CH—CH, + KOH SOF CHsCHy—C=CH © 
Br 


To a flask equipped with an addition funnel, mechanical stirrer, and a con- 
denser whose exit is connected to a Dry Ice trap, containing 145 gm (26 moles) 
of potassium hydroxide and 145 ml of 957, alcohol, is added 100 gm (0.46 
mole) of 1,2-dibromobutane, dropwise. The mixture is heated in an oil bath 
and the evolved ethylacetylene is passed through the reflux condenser into a 
cold trap (—18°C) to yield 17 gm (31%) of product, b.p. 18°C. 


2-2, Preparation of Propyne from 1-Bromo-l-propene |11] 
CH,—CH=CH—Br + KOH "0%, cH,C=cH + KBr + H,0 fo) 
Ina flask equipped as in Procedure 2-1 a stirred refluxing solution of 450 gm 
(8.1 moles) of potassium hydroxide in 1 liter of n-butyl alcohol is treated 
dropwise over a period of 4 hr with 242 gm (2 moles) of 1-bromo-1-propene. 
Propyne, 68 gm (857), b.p. 27°-31°C, is obtained by trapping the vapors 
from the condenser in the Dry Ice trap. 
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2-3, Preparation of p-Tolylacetylene from 1-p-Tolyl-1-chloroethylene [12] 
ca 


/ 
H,C=c + Kon 208, nome { \-cx, +KQ+H,0 @) 


CH, 


Toa flask containing 50 gm (0.78 mole) of potassium hydroxide and 100 m1 
of dry ethanol is added 85 gm (0.56 mole) of 1-p-tolyl-1-chloroethylene. The 
mixture is refluxed for 24 hr and poured into 1 liter of ice water. The resulting 
oil layer is separated. The water layer is extracted with ether and the combined 
organic phases are dried over potassium hydroxide, concentrated, and dis- 
tilled to yield 31 gm (48%) of p-tolylacetylene, b.p. 79°-82°C (31-33 mm). 


Diphenylacetylenes (tolanes) can be obtained either by the dehydro- 
halogenation [7] of stilbene dibromide or by the rearrangement occurring in 
the dehydrohalogenation of unsymmetrical diary] haloolefins [13]. 


KOH 
ArCH—CHAr 
Tt 4 CHeOH 
Br Br 
ArC=CAr @) 
(AnaC=CHX = 


Substituents such as halogen [14], or nitro [15] groups attached to the 
aromatic ring are stable during the dehydrohalogenation reaction. 

While the alkaline hydroxides are the most commonly used dehydro- 
halogenation reagents, other bases are also effective in causing dehydrohalo- 
genation to acetylenes. For example, sodium in alcohol has been used in the 
preparation of tolanes from benzal chloride [15]. 


2. CHSCHCL, "OOF, CH .C=CCH, (10) 
Solid potassium hydroxide has also been used for dehydrohalogenation. In 
this case, viny] halide is dropped into KOH at 130°-200°C and the product is 
distilled from the reaction mixture at reduced pressure [16, 17]. Trans 
Elimination is observed as with the other oxygen bases. Sodium amide, how- 
ever, gives eliminations even from the cis position [18, 19]. Liquid ammonia 
is said to be a better solvent for cis elimination than aprotic solvents [20]. 
Organo-alkali-metal compounds can also be used to effect dehydrohalo- 
genations. For example, two moles of phenyllithium react with 8-chloro- 
styrene to yield‘ phenylacetylene on hydrolysis [21]. The use of n-butyllithium 
in ether yields the same product at room temperature [22]. 
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Phenyllithium also cleaves vinyl ethers at room temperature to yield 
acetylenes and lithium alkoxide at a rate slower than in dehydrohalogenations 
[23}. 

ae dust has also been used to effect the elimination of halogens. For 
example, zinc dust in alcohol converts 1,1,1,4,4,4-hexafluoro-2,3-dibromo- 
butene to perfluoro-2-butyne in 90%, yield [24, 25]. 

Some other preparative methods are the dehydrogenation-decarboxylation 
of cinnamic acid dibromide [25a]. Arylpropiolic acids are also decarboxylated 
to aryl acetylenes when refluxed with water [25b]. 

Recently [26] it has been reported that the deoxygenation of «-diketones by 
triethyl phosphite yields diaryl- and alkylaryl-substituted acetylenes in yields 
ranging from 24% to 60%. 

Dialkyl acetylenes could not be obtained by the above reaction. 


2-4. Preparation of Diphenylacetylene by Deoxygenation [26] 
2 soe aR + 2(C,Hs—O)sP = 
CoHs—C=C—CsHs + 2(CaHsO)sPO (11) 
Triethyl phosphite (1.69 gm, 0.01 mole) is added to 210 gm (0.01 mole) of 
benzil with stirring under nitrogen. The benzil dissolves with the evolution of 
heat. Then triethyl phosphite (8.30 gm, 0.05 mole) is added again, and the 
resulting mixture is heated in a sealed tube for 4 hr at 215°C under nitrogen. 
The reaction mixture is distilled under reduced pressure to yield 1.43 gm 
(81%) of diphenylacetylene, b.p. 113°-115°C (2 mm). 


The preparation of small ring alkynes by elimination reactions has been 
recently reviewed [27]. The actual isolation of cyclic alkynes of heterocyclic 
rings and benzynes was not accomplished but their presence was inferred by 
capturing the intermediates as Diels-Alder adducts. 


3. CONDENSATION REACTIONS 


An important reaction for the preparation of substituted acetylenes in- 
volves the condensation of metallo acetylenes with alkyl halides or with 
carbonyl compounds. 

Sodium acetylide [28] (prepared from sodium amide) is useful for the con- 
densations with primary alkyl halides. However, secondary, tertiary, and 
primary halides branched at the second carbon atom are dehydrohalogenated 
to olefins by the reagent [29]. lodides react at a faster rate than bromides and 
the latter faster than chlorides. Chlorides are rarely used. The bromides are 
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more common for preparative reactions [30]. Sodium acetylide can also react 
with carbonyl compounds to yield acetylenic earbinols [31]. 

Recently, the synthesis of lithium acetylide-ethylenediamine complex has 
been reported; it is a white, free-flowing powder that is safe and stable up to 
about 45°C [32-34]. This complex reacts with ketones to give excellent yields 
of ethynyl carbinols. The complex can either be prepared or obtained from a 
commercial source [35]. 


3-1. Preparation of 3-Nonyne |36] 


NH, CaHsCl 
CeHir~C=:CH + NaNH, —> CsHi,C=:C—Na -=——» CsHi,C=C—CzHs (12) 


To a flask containing a cold well-stirred mixture of 1 liter of ammonia and 
40 gm (1.0 mole) of sodamide is added 50 gm (0.52 mole) of 1-heptyne. The 
mixture is stirred for 1 hr and ammonia is added in order to maintain the 
volume. To the mixture is added 75 gm (1.2 mole) of ethyl chloride and stirring 
is continued for 3 hr. The reaction is worked up by adding water to separate 
the oil, washing the latter with water, drying, and distilling to yield 15 gm 
(23%) of 3-nonyne, b.p. 151°-154°C. 

NOTE: The sodamide should be freshly prepared or obtained from a good 
commercial source. Long exposure to air and oxygen reduces the effectiveness 
of the material and may also cause the formation of explosive peroxides, 
oxides, etc. 


3-2. Preparation of 1-Ethynyl-I-cyclohexanol [37] 
OH C=CH 


HC=C—Na + Mi, (13) 


To a flask containing a mixture of 5.1 moles of sodium acetylide, prepared 
during a period of 3 hr from 117 gm of sodium and acetylene in 3 liters of 
liquid ammonia at —50°C, is added dropwise 5.1 moles (500 gm) of cyclo- 
hexanone. The mixture is stirred overnight while a slow stream of dry acety. 
lene is passed through the solution. The ammonia is then evaporated, the 
residue acidified with 200 gm of tartaric acid in 500 ml of water, and the mix- 
ture extracted with ether. The ether layer is dried and evaporated, The residue 
is fractionated to yield 518 gm (82%) of 1-ethynyl-1-cyclohexanol, b.p. 74°— 
77°C (15 mm), m2° 1.4823 and m.p. 31°~32°C. 


3-3. Preparation of 1-Ethynyl-I-cyclohexanol Using Lithium Acetylide Com- 
plexed with Ethylenediamine |33, 34] 
Lithium acetylide ethylenediamine is available commercially [35] or can be 
made as described below. 
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To a flask equipped with a stirrer, dropping funnel, and condenser fitted 
with a T-tube for argon inlet and outlet is added 40.1 gm (0.40 mole) of 
lithium acetylide ethylenediamine, 200 ml of N,N-dimethylacetamide, and 
200 ml of benzene. An argon atmosphere is maintained throughout the reac- 
tion. The mixture is warmed to 35°C and 39.2 gm (0.04 mole) of cyclohexanone 
is added dropwise over a period of 15 min with cooling to maintain 35°C. The 
mixture is then stirred at room temperature for 1} hr, hydrolyzed with 100 ml 
water, refluxed for | hr, cooled, and the organic layer separated to give upon 
distillation 41.7 gm (84%) of product, b.p. 178°C, m.p. 32°~33°C. 


LiNHCH,CH,NH, + HC=sCH —> 
OH 
C=CH 


LiC=CH-H,NCH,CH,NH, ——— + H,NCH,CH,NH, (14) 


Lithium acetylide ethylenediamine [33]. To a flask equipped with a stirrer, 
dropping funnel, and a condenser fitted with a T-tube for argon inlet and 
outlet is added 13.9 gm (2 moles) of lithium metal powder and then 400 ml of 
dry benzene. To the stirred mixture under an argon atmosphere is added 
dropwise 120 gm (2 moles) of ethylenediamine over a period of 1 hr while 
maintaining gentle reflux. The mixture is refluxed for an additional 2 hr, cooled, 
filtered under argon pressure, and washed several times with hexane to give 
66 gm (97%) of N-lithioethylenediamine, a white, free-flowing crystalline 
solid. 

To a 500 ml two-necked stainless steel flask equipped with a gas inlet 
attachment, thermometer, and stirrer is added 92.4 gm (1.4 moles) of N- 
lithioethylenediamine followed by 350 ml of 1,4-dioxane. The mixture is 
stirred vigorously and 78 gm (3 moles) of acetylene is introduced over a 
period of 1 hr. The reaction is exothermic and external cooling is necessary to 
keep the temperature at 25°C. The addition is continued for 4 hr after the 
evolution of heat has ceased. The mixture is poured into 500 ml of hexane, 
filtered under an argon atmosphere, washed with pentane to remove ethylene- 
diamine, and dried under argon pressure to give 122 gm (95%) of the off- 
white solid product. 


Substituted acetylenes may be obtained by reacting acetylenic Grignard 
reagents with alkyl halides or alkyl sulfonates [38-40]. The Grignard reagent 
can be prepared readily by the reaction of ethylmagnesium bromide in ether 
with terminal acetylenes containing one unsubstituted position. 

Propargyl halides can be used to couple with Grignard reagents to give 
acetylenic hydrocarbons in good yields [41]. 
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Potassium hydroxide can also effect ethynylations of aldehydes and ketones 
to yield secondary and tertiary acetylenic carbinols or glycols [42]. 


RiRsC=-0 + CH=-CH “°4, R,RAC--C..CH 
H(A) 
and/or 
RyRaCC2eC—C--RiRa 
OH H 
(B) (15) 


Potassium hydroxide ethynylations are usually performed in liquid am- 
monia under pressure (160-185 psig). The butyne-3-ols formed above (A) aet 
as co-catalysts by forming a complex catalyst with potassium hydroxide and 
acetylene. Sodium or lithium hydroxides do not ordinarily form complex 
adducts which are able to act as catalysts and therefore fail to effect ethynyla- 
tion. Under special conditions sodium hydroxide adducts can be preformed 
with the butyne-3-ols and acetylene and will then give ethynylations. Rubi- 
dium hydroxide behaves as well as potassium hydroxide in the above reac- 
tions. 

Recently [43] an atmospheric pressure ethynylation procedure for alde- 
hydes has been reported to be effected by finely dispersed potassium hydroxide 
in 1,2-dimethoxyethane at — 10° to 0°C. Aldehydes that give good yields of 
acetylenic carbinols are propionaldehyde, butyraldehyde, isobutyraldehyde, 
2-ethyl-2-hexanol, crotonaldehyde, 3-cyclohexenecarboxaldehyde, 3,4-di- 
hydro-2,5-dimethyl-2-formyl-2H-pyran, and 2-methylbicyclo[2.2.1]-5-hep- 
tene-2-carboxaldehyde. However, methacrolein, phenylacetaldehyde, cin- 
namaldehyde, and 2,4-hexadienol gave no isolatable acetylenic carbinols. 
The above procedure is safe since it does not operate under pressure with 
acetylene. The use of a Waring Blendor enables one to obtain a finely dis- 
persed potassium hydroxide for the ethynylations. 


3-4, Preparation of 1-Pentyne-3-ol [43] 


KOH 
CH;CHgCH=:0 + CH=:CH ——> ES ee (16) 
OH 


Potassium hydroxide is broken up to a fine powder in 1,2-dimethoxyethane 
at —5°C during 0.5 hr. The suspension is transferred to a flask and diluted to 
obtain a concentration of 6.67 moles of potassium hydroxide in 1600 gm of 
1,2-dimethoxyethane, After adding [1 gm of ethanol the rapidly stirred mix- 
ture is saturated with acetylene at ~ 10° to0°C. While acetylene is continuously 
being added during the reaction (an excess was used) 34 moles of propionalde- 
hyde containing 11 gm of ethanol is added during a 2 hr period. The mixture 
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is allowed to stir an additional 0.5 hr at — 10° to 0°C. Ice water (894 gm) is 
used to decompose the reaction mixture and the water layer is extracted with 
ether. The combined oil layer and ether are neutralized with carbon dioxide, 
filtered, and distilled to yield 226 gm (817,) of 1-pentyne-3-ol. 

Diarylacetylenes (tolanes) have been prepared [44] by the oxidation of 
benzil dihydrazones with mercuric oxide [45], rearrangement of 1,1-diaryl-2- 
haloethylenes upon treatment with base [46, 47], dehydrohalogenation of 
stilbene dibromide [48], and by the reaction of base with 5,5-diaryl-3-nitroso- 
2-oxazolidones [49]. 

Recently it was found that tolanes can be prepared in good yields by 
coupling aryl iodides with cuprous acetylides in refluxing pyridine [50]. How- 
ever, when the aryl iodide has an ortho nucleophilic substituent, cyclization 
to heterocycles such as isocoumarins, benzofurans, and indoles occurs under 
the reaction conditions. 


3-5. Preparation of p-Methoxydiphenylacetylene {50] 
p-CHsO—CgHal + CuCze2C—CyHs > p-CHyO—C,H,—C#2C—CgHs + Cul (17) 

Cuprous phenylacetylide is prepared by adding a mixture of an aqueous 
ammoniacal solution of 20.0 gm (0.105 mole) of cuprous iodide to 10.7 gm 
(0.105 mole) of phenylacetylene in 500 ml of ethanol. After standing for 15 
min, the precipitate is filtered, washed five times each with water, ethanol, and 
ether. The yellow solid is dried in a rotary evaporator for 2 hr at 50°C (20 mm), 
yield 13.4 gm (77%). 

Cuprous phenylacetylide, 5.0 gm (0.030 mole) is added portionwise to a 
flask containing 7.1 gm (0.030 mole) of p-iodoanisole in 100 ml of dry 
pyridine. Extremely dry conditions must be maintained throughout and 
nitrogen is used to flush the flask before and after each addition. The mixture 
is warmed to 120°C for 10 hr with stirring, The clear reddish amber liquid is 
then added to 300 ml of water, extracted with ether, and the combined ether 
extracts are washed successively three times each with dilute hydrochloric 
acid, 57%, sodium bicarbonate, and water. The dried ether layer is concentrated 
under reduced pressure, and the residue is recrystallized from methanol (with 
a carbon treatment) to yield white platelets weighing 6.2 gm (99%) of p- 
methoxydiphenylacetylene, m.p. 58°--59°C. 

The synthesis of tolanes under very mild conditions has been effected using 
appropriately substituted phosphonates [51]. Diphenyl phosphite is con- 
densed with an aryl aldehyde to afford |-hydroxy-l-arylmethane phospho- 
nate. The latter is converted by means of POCI, to |-chloro-1-arylmethane 
phosphonate which upon treatment with another equivalent of the aryl 
aldehyde and two equivalents of sodium hydride in DMSO or THF is con- 
verted to an acetylene. The scope and limitations of this reaction have not 
been completely investigated. 
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3-6. Preparation of Di-p-nitrophenylacetylene [51] 


(PhO),P(O)H + pon cro —_— 
ero.norn-{ \-no, Pocis 


OH 
(PhO),P(O)CH(p—O,N—Ph)CI 28H _, on{ \oc{ Sno, 
(A) on-{_\-cuo As 


To a flask containing 20.2 gm (0.05 mole) of (A) and 7.55 gm (0.05 mole) of 
p-nitrobenzaldehyde is added 250 ml of dry DMSO and one equivalent of 
sodium hydride (1.2 gm). After the reaction has subsided another equivalent 
of sodium hydride is added. After the reaction has been completed the deep 
red mixture is diluted with water and twice extracted with 500 ml portions of 
ether, The combined extracts are dried, concentrated under reduced pressure, 
and the residue is dissolved in methanol. The solution is filtered and twice re- 
crystallized from methanol-water to yield 8.8 gm (67%,) of di-p-nitrophenyl- 
acetylene, m.p. 214°-215°C. 


4, OXIDATION REACTIONS 


Glaser [52] discovered that acetylenes are converted to diacetylenes by 
oxidative coupling of the copper(I) acetylides. Glaser employed a mixture of 
copper(I) chloride, ammonia, and ammonium chloride as the coupling 
reagent in the presence of oxygen. 

Recently [53] it was found that propargyl alcohol or its esters can be 
coupled in good yields when amines are substituted for ammonia in the reac- 
tion mixture, 


4-1. Preparation of 2,4-Hexadiyne-1,6-diol [53] 
HC2:C—CH,0H nN HOCH,C#=C—CzCCH,OH (19) 


To a flask containing 25 gm (0.13 mole) of copper(I) chloride, 12.5 ml of 
concentrated ammonium hydroxide (0.18 mole based on NHg), 40 gm (0.75 
mole) of ammonium chloride, and 200 ml of water is added 11.2 gm (0.20 
mole) of propargyl alcohol. The mixture is stirred under approximately 30 mm 
of oxygen pressure for 20 hr. The blue-green reaction mixture is acidified with 
dilute hydrochloric acid, diluted to 750 ml with water, and extracted with 
ether continuously for 24 hr. The ether solution is concentrated to yield 
9.1 gm (83%) of 2,4-hexadiyne-| ,6-diol, m.p. 111.5%-112°C. 
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Other oxidation procedures utilize potassium ferricyanide to oxidize 
cuprous acetylides to diacetylenes [54]. Dihydrazones of aryldiketones [55], or 
of aliphatic diketones [56] are oxidized by mercuric oxide to acetylenes. 


R-G-OR 2HHO ROCzC-R + 2Na + 2Hg + 2H:0 (20) 
ti 


ia 
Furthermore, 2,7-dimethylocta-3,5-diyne-2,5-diol is prepared in good yield 
by the oxidative coupling of 3-methyl-1-butyn-3-ol in aqueous solution using 
a catalytic amount of cuprous chloride, solubilized by excess ammonium 
chloride [57]. Oxygen is more effective than air as the oxidant but the latter 
may be employed. 


(CHs)aC—C==CH > (CHaC C=C—C=:C—C—(CHs). (21) 


HH HH HH 


4-2. Preparation of Cyclodecyne [58] 


=N—NH, 
_lorHio | Gas 


ee Tia Kon” KOH 
Pty (22) 


To a flask containing a refluxing solution of 204 gm (1.04 mole) of sebacil 
dihydrazone in 1 liter of dry benzene is added 50 gm (0.23 mole) of yellow 
mercuric oxide. The reaction commences when 80 gm of anhydrous sodium 
sulfate and 2 ml of a saturated KOH solution in 95% ethanol is added, A 
vigorous evolution of nitrogen immediately occurs along with a simultaneous 
color change from orange to black. After the initial reaction subsides, further 
additions of mercuric oxide and alcoholic potassium hydroxide are made 
until 563 gm (2.6 moles) of mercuric oxide and 20 ml of KOH solution have 
been added. The mixture is stirred and refluxed for about 70 hr. The benzene 
solution is filtered, concentrated under reduced pressure, and the resulting 
residue eee to yield 51.5 gm (36%) of cyclodecyne, b.p. 59°-60°C (5-6 
mm), #2? 1.4903. 


5. MISCELLANEOUS METHODS 


(1) Isomerization of allenes [59]. 
(2) Oxidation of acetylene to vinylacetylene [60]. 
(3) Reppe synthesis of substituted acetylenes [61]. 
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(4) The synthesis of acetylenic amides [62]. 

(5) The Prevost reaction to give substituted acetylene [63]. 

(6) Exhaustive methylation to give acetylenes [64]. 

(7) Elimination of carbon monoxide to yield acetylenes [65]. 

(8) Pyrolysis of fluoromaleic anhydride to fluoroacetylene [66]. 

(9) Photolytic elimination of nitrogen and sulfonate of alkali salts of 

N-(p-toluenesulfonamide)triazoles to acetylenes [67]. 

(10) Pyrolysis of acylcarbomethoxymethylene triphenyl phosphoranes [68]. 
(11) Ketene acetals yield acetylenes [69]. 
(12) Pyrolysis of halogenated acrylic acid to acetylenes [70]. 


REFERENCES 

1. J.J. Nedwick, Ind. Eng. Chem., Process Design Develop. 1, 137 (1962), 

2. T. L. Jacobs, Org. Reactions 5, | (1949). 

3. R. A. Raphael, ‘Acetylenic Compounds in Organic Synthesis." Academic Press, 

New York, 1955, 

4, G. Kobrich, Angew. Chem. Intern. Ed. Engl. 4, 49 (1965). 

5. G. B, Bachman and A. J. Hill, J, Am. Chem. Soc, 56, 2730 (1934). 

6. R. Lespieau and M. Bourguel, Org. Syn. Coll. Vol. 1, 191 (1941). 

7. L. 1. Smith and M. M. Falkof, Org. Syn, 22, 50 (1942). 

8. M. Bourguel, Aun, Chim. (Paris) [10] 3, 191 and 325 (1925). 

9, T. H. Vaugh, J. Am. Chem, Soc, 56, 2064 (1934). 
10, J, R. Johnson and W. L, McEwen, J. Am. Chem. Soc. 48, 469 (1926), 
IL. G. B. Heisig and H. M. Davis, J, Am. Chem. Soc. 57, 339 (1935). 


12, L, I. Smith and H. H. Hoehn, J. Am. Chem. Soc. 63, 1175 (1941). 

13, G. H. Coleman and R, D. Maxwell, J. Am. Chem. Soc. 56, 132 (1934). 

14, C. Dufraisse and A. Dequesnes, Bull. Soc. Chim. France [4] 49, 1880 (1931). 
15. P. Ruggli and F. Lang, Helv. Chim. Acta. 21, 138 (1938). 

16. E, Ott, Chem, Ber. 75, 1517 (1942). 

17. F. Krafft and L, Reuter, Chem. Ber, 25, 2243 (1892). 

18, E, Ott, Chem, Ber. 76, 80 (1943), 

19. H. G. Viehe, Angew. Chem. 75, 638 (1963). 

20. A. T. Bottini, B, J. King, and J. M, Lucas, J. Org. Chem. 27, 3688 (1962). 
21. G. Wittig and H. Witt, Chem, Ber, 74, 1474 (1941), 

22. H. Gilman, W. Langham, and F. W. Moore, J. Am. Chem. Soc. 62, 2327 (1940). 
23. G. Wittig and G. Harborth, Chem. Ber. 77, 306 (1944), 

24, A, L. Henne and W. G. Finnegan, J, Am. Chem. Soc. 71, 298 (1949). 

25. R. N, Haszeldine, J, Chem. Soe. p. 2504 (1942). 


25a. M. T. Bogert and D. Davidson, "i Am, Chem. Soc. 54, 334 (1932). 

25b, M. M. Otto, J. Am. Chem, Soc. 56, 1393 (1934). 

26. T. Mukaiyama, H, Nambu, and T, Kumamoto, J. Org. Chem. 29, 2243 (1964). 

27. G, Wittig, Angew. Chem. 1, 415 (1962). 

28. I. M. Heilbron, E. R. H. Jones, and B, C. L, Weedon, J, Chem. Soc. p. 81 (1945). 

29. T. H. Vaughn, G. F, Hennion, R. R. Vogt, and J. A. Nieuwland, J. Org. Chem, 2, 1 
(1938). 

30, A, L. Henne and K. W, Greenlee, J. Am. Chem. Soc. 67, 484 (1945). 

31. A. W. Johnson, “The Chemistry of Acetylenic Compounds,” Vol. I. London, 1946. 


6 3. Acetylenes 


32. Chem. Eng. News 40, 48 (1962). 

33. O. F. Beumel, Jr. and R. F. Harris, J. Org. Chem. 29, 1872 (1964). 

34. O. F. Beumel, Jr. and R. F. Harris, J, Org. Chem. 28, 2775 (1963). 

35. Foote Mineral Co., Exton, Pennsylvania. 

36. T. H. Vaughn, R. R. Vogt, and J. A. Nieuwland, J, Am. Chem, Sac. 56, 2120 (1934). 

37. N.A. Milas, N. S. MacDonald, and D, M. Black, J. Ast, Chem. Soc. 70, 1829 (1948). 

38. J. R. Johnson, A. M. Schwartz, and T. L. Jacobs, J. Ast. Chem. Soc. 60, 1882 (1938). 

39, S. D. Thorn, G. F. Hennion, and J. A. Nieuwland, J. Ast, Chem. Soc. 58, 796 (1936). 

40. J.R. Johnson, T. L. Jacobs, and A. M. Schwartz, J. Am. Chem. Soc. 60, 1887 (1938). 

41. K. N. Campbell and L. T. Eby, J. Am. Chem. Soc. 62, 1798 (1940). 

42. R. J. Tedeschi, J. Org. Chem. 30, 3045 (1965). 

43. H. A. Stansbury, Jr. and W. R. Proops, J. Org. Chem. 27, 279 (1962). 

44. S. H. Harper, in “Chemistry of Carbon Compounds” Vol. Ill, pp. 1157-1158. 
(E. H. Rodd, ed.) Elsevier, Amsterdam, 1951. 


45. A. C. Cope, D. S. Smith, and R. J. Cotter, Org. Syn. 34, 42 (1954). 

46. G. H. Coleman, W. H. Hoist, and R. D. Maxwell, J. Amt. Chem. Soc. 58, 2310 (1936). 

47. D. H. Curtin, E. W. Flynn, R. F. Wystrom, and W. H. Richardson, Chem. & Ind. 
don) p. 1453 (1957). 


(Loi 

48. L. I. Smith and M. M. Falkof, Org. Syn. Coll. Vol. 3, 350 (1955). 

49. M.S. Newman and A. Kutner, J. Am. Chem, Soc, 73, 4199 (1951). 

50. R. D. Stephens and C. E. Castro, J. Org. Chem. 28, 3313 (1963). 

51. H. Zimmer, P. J. Bercz, O. J. Maltenieks, and M. W. Moore, J. Am. Chem. Soc. 87, 
2778 (1965). 

52. C. Glaser, Chem, Ber. 2, 422 (1869). 

53, M. D. Cameron and G. E. Bennett, J. Org. Chem. 22, 557 (1957). 

54, J. B. Conn, G. B. Kistiakowsky, and E. A, Smith, J. Am. Chem. Soc. 61, 1868 (1939). 

55, A. C. Cope, D. S. Smith, and R. J. Cotter, Org. Syn. 34, 42 (1954). 

56. A. T. Blomquist and L. H. Liu, J. Am. Chem. Soc. 75, 2153 (1953). 

57. R. J. Tedeschi and A. E, Brown, J. Org. Chem. 29, 2051 (1964). 

58. A. T. Blomquiest, R. E. Burge, Jr., and A. C. Sucsy, J. Am. Chem. Soc. 74, 3636 
(1952). 

59. M. Bouis, Ann. Chim. (Paris) [10] 9, 459 (1928). 

60. K. Sugino, Y. Aiya, and K. Ariga, J. Soc. Chem. Ind., Japan 46, 573 (1943). 

61. J. W. Copenhaver and M. H. Bigelow “Acetylene and Carbon Monoxide Chemis- 
try." Reinhold, New York, 1949. 

62, N. R. Easton and R. D. Dillard, J. Org. Chem. 28, 2465 (1963). 

63. C. V. Wilson, Org. Reactions 9, 332 (1957). 

64, Y. M. Slobodin and N. A. Selezneva, Zh. Obshch. Khim. 26, 691 (1956). 

65. R. Breslow, R. Haynie, and J. Mirra, J. Am. Chem. Soc. 81, 247 (1959), 

66. W. J. Middleton and W. H. Sharkey, J. Am. Chem. Soc. 81, 803 (1959). 

67. F. G. Wiley, Angew. Chem. 76, 144 (1964). 

67a, F. G. Wiley, Angew. Chem. Intern. Ed. Engl. 3, 138 (1964). 

68. G. Markl, Chem. Ber. 94, 3005 (1961). 

69. S. M. McElvain and P. L. Weyna, J. Am. Chem. Soc. 81, 2579 (1959). 

70. A. Michael, Chem. Ber. 34, 4215 (1901). 


CHAPTER 4/ ALCOHOLS AND PHENOLS 


1. Introduction . 

2. Hydrolysis Reactions 

2-1, Preparation of p-tsopropyipheno! by | the Hydrolysis ofa Diazoniun Compound 

2-2, Preparation of p-lsopropylphenol by the Potassium Hydroxide Fusion of 
Sodium Cumenesulfonate i . Z 

2-3. Preparation of 2,3-Pentanediol by Hydrolysis of an Epoxide 

3. Condensation Reactions . 

3-1. Synthesis of 2,2- Dimethyl-i-hexanot Using a Grignard. Reaction. 

3-2. Synthesis of 1-Octanol Using a Grignard Reaction . 

3-3. Preparation of B-2-Hydroxyethyl Naphthyl Ether Using Ethylene Ce ‘arbonate 

3-4, Synthesis of 242,4-Dimethylphenyl)ethanol by the Friedel-Crafts Reaction . 

3-5. Preparation of a,a-Dimethyl-B- acct ian ata ad the Aldol Con- 
densation Reaction 

3-6. Synthesis by Anisoin by the Benzoin Condensation 

4, Reduction Reactions 

4-1, Synthesis of Dimethylphenylethanols Using Sodiunt ‘Borohydride 

4-2. Reduction of Ethyl Stearate to i-Octadecano{ ‘ 

4-3. Preparation of 4- Chlarapkenyimettrtcarbine! Using the Meerwein Reduction 
Reaction : Z . . a 

5. Oxidation Reactions 

5-1. Oxidation of Phenylmagnesium Bromide to Phenol - 

5-2, General Procedure for the Markovnikou Hydration of Olefins by the Oxy- 
mercuration-Demercuration Procedure . 

5-3. Preparation of trans-2-Methylcyclopentanol by the Hydroboration Reaction . 

5-4. Preparation of Anisyl Alcohol by the Crossed Cannizzaro Reaction . 

5-5. Preparation of 1,1,1- a armen kmettylprapane 

6, Miscellaneous Methods : : 

References, 5 


1, INTRODUCTION 


The more common and synthetically useful methods for the preparation of 
alcohols depend on hydrolysis, condensation (Grignard reagents condensing 
with carbonyl compounds or alkylene oxides), and reduction reactions of 
carbonyl or alkylene oxide compounds. Oxidation reactions are also of 
importance and will be described below. The more specialized reactions will 


be treated briefly. 
7 
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Hydrolysis reactions involving alkyl or activated aryl halides, and sul- 
fonates, or diazonium compounds afford alcohols in good yields. The pro- 
ducts in some cases may be contaminated by olefin by-products. The Bucherer 
reaction of an aromatic amine can be considered a hydrolysis reaction. The 
generalized hydrolysis-type reaction may be represented by Eq. (1) 

R—Z + H,0 —> ROH + ZOH qd) 

The hydration of olefins can be considered a hydrolysis reaction since the 
olefin on reaction with sulfuric acid yields an alkyl sulfuric acid which on 


subsequent hydrolysis yields the alcohol. Sulfuric acid adds to olefins in 
accordance with the Markovnikov rule as illustrated in Eq. (2) for isobutylene. 


CH, He. 
HtHSO,- - 
o=cH—cHs Pia edaeia Tg C,—CH CH > 
CH, CH, 
CHa, CH, 
\ HO \ 
D Meceaain = ‘C—CH:—CH, =) 
CHs $s0,0H CH, OH 


Alkyl halides, aldehydes, ketones, and esters can be converted to alcohols 
of a higher carbon content by condensation reactions involving the Grignard 
reagent or a related organometallic (lithium compounds). The general scope 
of the reaction is illustrated below in Eq. (3). 


R’—CR'—R RCH,CH,OH RGHCHIOH 
OH OH 


The Friedel-Crafts condensation of ethylene oxide with aromatics gives 
aryl ethanols in good yields. 


ArH + re Ags, ArCH,CH,OH (4) 
te) 


Some of the more specialized condensation reactions that are useful are the 
aldol condensation [Eqs. (5, 6)], Reformatskii [Eq. (7)], acyloin [Eq. (8)], 
and benzoin condensations [Eq. (9)], alkylation of phenols by alcohols 
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[Eq. (10)], Prins reaction [Egs. (11, 12)], Tollens hydroxymethylation reaction 
[Eq. (13)], and the condensation of ketones [Eq. (14)] and aldehydes [Eq. (15)] 
with acetylenes. 


R 
OH- ne R 

2 RCHC—0 ——»> RCH,—C—CH—C=0 R=H, alkyl or aryl (5) 

R HO R 

Rr’ 
OH- 
RCH=O + R’CH,NO, ——> RCH~CH—NOz (O) 
HH 


R 
R,C=O + RCH—COOC.H; + Zn or Mg —> R,c-CH--COOCAHs (es) 


Br OH 
R—C—ONa R—CH—OH 
2 RCOOC,H. + Na —> _t —> Te (8) 
R—C—ONa R—C=0 
2 ArCH=O + NaCN —>» ArCH—CAr (()) 
HH 
AICls 
C.H,OH + ROH ——> R—C,H.OH (10) 
ope 
Ri—C=C' + CHy=O + Hs0* —> Ry es ~CH—CH,0H di) 
Hs HO CHs Ra 
HH. 
+ CHO + H,O* —> (12) 
HOH 
(OH; 
CHaCH=O + 4CH,=0 + HO ——, C(CH,OH), + HCOOH = (13) 
KOH 
RgC=0 + HC=CR’ > RaC—C=CR’ (4) 
OH 
KOH 
RCH=O + HC=CR’ ——-> RCH—C=CR’ (15) 
OH 


The reduction of carbonyl compounds or alkylene oxides by organo- 
metallic hydrides yields alcohols of known structure in good yields. 
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R—C—R’ + NaBH, —> R—CH—R’ (16) 
{ OH 
RCH=0 + NaBH, —> RCH;—OH a7 
R—CH—CH + LiAIH, ~—> R—CH—CHy (18) 
\Z a 


Lithium borohydride is selective in reducing aldehydes or ketones in the 
presence of esters or acids at 0°C. Refluxing for several hours reduces the 
esters and acids. 

Sodium borohydride has the advantage over lithium borohydride and 
lithium aluminum hydride since it is soluble in water without decomposition 
and can effect reduction in either methanol or water of aldehydes and ketones. 
However, lithium aluminum hydride reacts violently with water and requires 
anhydrous conditions in order for it to be an effective reducing agent. 


Other reducing agents are hydrogen in the presence of catalysts [Eq. (19)], 
zinc in the presence of alcoholic sodium hydroxide [Eq. (20)], and the 
Bouveault~Blanc method for esters using sodium metal in alcohol [Eq. (21)]. 


RCHO + Ha + Cat. —> RCH2OH (19) 
R 
Newo 2s MOH, CHoH (20) 
R 
RCOOR’ + Na + ROH —> RCH.OH + ROH (21) 


The Cannizzaro reaction can be considered a reduction-oxidation reaction 
of an aldehyde to the corresponding alcohol and acid. 


RaC—CHO + NaOH —> RsCCH.0OH + RsC—COOH (22) 


The reaction occurs only if the aldehyde lacks an «-hydrogen atom. 

The crossed Cannizzaro reaction is a modification using formaldehyde so 
that the desired aldehyde is reduced entirely to the corresponding alcohol 
whereas the formaldehyde is converted to sodium formate. 


RCH=0 + CH2=O + NaQH —> RCH,OH + HCOONa (23) 


The Meerwein—Pondorf-Oppenaur-Verley reduction of aldehydes and 
ketones used aluminum isopropoxide to reduce them to alcohols with acetone 
as the by-product. 


° 
Al(iso-PrO) 
R‘CH=0 + (CH,xCHOH A? , eecuon + CHetcHs (4) 
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Formation of acetone is an indication of the extent of reaction. This reaction 
is not as popular as it was earlier since the borohydrides have been found more 
convenient to use in the laboratory as the reducing agent. 

The oxidation of the Grignard reagents offers an alternate convenient 
method for the preparation of alcohols from halides. 


1. Oa 
RMgx Tuo” ROH (25) 


In a related manner the oxidation of trialkylboranes prepared from olefins 
offers a convenient laboratory method of the conversion of an olefin into a 
saturated alcohol of the same carbon content. 


1, Bal, 

RCH=CH, tHe RCH,CH,OH (26) 

The diborane can be made in situ using sodium borohydride and boron tri- 

fluoride. Isolation of the substituted boranes is not necessary and oxidation of 

the crude material with hydrogen peroxide occurs with retention of configura- 
tion, 


RCH=CH, = (RCH;—CH,),B > RCH,CH,OH (27) 
Ether 


Olefins are also oxidized easily to glycols by either hydrogen peroxide or 
osmium tetroxide. Allylic alcohols result upon the selenium chloride oxidation 
of olefins, Substituted phenols are oxidized by persulfate ion or by hydrogen 
peroxide (Dakin reaction of phenolic aldehydes) to hydroxybenzenes. 

The oxidation of olefins and acetylenes, photochemical, and free radical, 
and enzyme reactions are more specialized methods for the preparation of 
substituted alcohols which have limited application in the laboratory. 


2. HYDROLYSIS REACTIONS 


The ease of hydrolysis of aliphatic halides by dilute base or water is in the 
order of tertiary > secondary > primary halides. Iodides are more reactive 
than bromide and these in turn are more reactive than chlorides. Allyl halides 
[1] are hydrolyzed with ease whereas aromatic halides are unreactive unless 
activated by electron-attracting groups [2]. Benzyl halides show enhanced 
reactivity [3]. For example, refluxing for 4 hr a mixture of 500 gm of tri- 
methylbenzyl chloride and 206 gm of calcium oxide in 14 liters of water 
yielded 787, of trimethylbenzyl alcohol [4] (Eq. 28). 

In general, the activity towards hydrolysis depends on the stability of the 
intermediate carbonium ion. 
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CH, CH, 
Hy Cl + CaO + H,O ——> HC 2OH (28) 


CH, CHs 


The hydrolysis of esters [5] yields alcohols but since the alcohols are usually 
precursors of the esters, this method has limited application. Arylsulfonates 
yield phenols on fusion with sodium hydroxide [6, 6a]. Aryldiazonium com- 

pounds on hydrolysis with water yield phenols [7]. While this reaction is 
Dina care must be taken to maintain all of the diazonium salt in solution 
since dried diazonium salts may explode on warming. (See Chapter 15 for 
further details on the preparation and handling of diazonium compounds.) 
Aliphatic diazonium compounds yield a mixture of isomerized alcohols and 
olefins on hydrolysis [8]. 


2-1. Preparation of p-Isopropylphenol by the Hydrolysis of a Diazonium 
Compound [7) 


net) + HONO ——> 
H CH, 


a CH, 
nc{_\-n as HC HH (29) 
bath | 
H H 


To a round-bottomed flask equipped with a mechanical stirrer, condenser, 
and dropping funnel is added 34 gm (0.25 mole) of p-isopropylaniline in 500 
ml of water containing 62.5 gm of concentrated sulfuric acid. The compound 
is diazotized with 17.3 gm (0.25 mole) of sodium nitrite dissolved in 175 ml of 
water and slowly added while cooling with an ice bath. Approximately 2 gm 
of urea is added and the reaction mixture is allowed to come to room tempera- 
ture. The mixture is then heated on a steam bath at 50°-60°C for several 
hours, cooled, extracted with benzene. The benzene layer is extracted with 
10%, sodium hydroxide and the latter is acidified and again extracted with 
benzene. The final benzene extract is dried and evaporated to yield a crystal- 
line product in the amount of 25 gm (73.5%), m.p. 60°C. 


Oxirane compounds are hydrolyzed by dilute aqueous acid to glycols with 
inversion of configuration [9]. Alkylene oxides may also be reduced to mono- 
alcohols by hydride reducing agents, as will be discussed later. 
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2-2. Preparation of p-Isopropylphenol by the Potassium Hydroxide Fusion of 
Sodium Cumenesulfonate |6a} 


CH, CH, CH; CH, CH, CH, 
Z 3 3 
‘oft Noh 4 
+ H,SO, —> oH, (30) 
SO,H OH 


To a flask containing 360 gm (416 ml, 2.9 moles) of cumene is added 332 gm 
(3.4 moles) of 95%, sulfuric acid. The contents is heated with stirring for 3 hr 
ona steam bath. The warm mixture is poured into I liter of water and 160 gm 
of sodium bicarbonate is added in small portions, followed by 420 gm (7.2 
moles) of sodium chloride. On cooling, the sodium cumenesulfonate precipi- 
tate is filtered, washed with 160 ml of saturated sodium chloride solution, and 
dried for 2 days at 80°C to yield 436 gm (68%). 

To a 3 liter iron kettle fitted with a mechanical stirrer and condenser is 
added 960 gm (17.1 moles) of potassium hydroxide and 40 ml of water. The 
mixture is heated to 250°C and, with stirring, over a } hr period is added 360 
gm (1.62 moles) of the impure sodium p-cumenesulfonate. The temperature 
is raised to 325°C for 10 min and then the contents is poured into 3 liters of 
cracked ice. The resulting water solution is neutralized with sulfuric acid and 
is then steam-distilled. The distillate contains colorless crystals of p-iso- 
propylphenol. The crystals are dried in a vacuum desiccator for 2 days. Yield 
118 gm (53%), m.p. 58°-59°C. 


2.3. Preparation of 2,3-Pentanediol by Hydrolysis of an Epoxide |9| 
A 
cH.—ch CH_CoHs + H,O + H,SO, —»> CH;—CH—CH—C,H, (31) 
H OH 


To a 2 liter flask equipped with a mechanical stirrer is added 240 gm (2.78 
moles) of rans-2,3-epoxypentane, 1500 ml of water, and 0.2 ml of concen- 
trated sulfuric acid. The mixture is stirred vigorously at room temperature for 
8 hr. The initial two-phase system becomes homogeneous after 3 hr. The 
solution is then neutralized with sodium hydroxide and concentrated below 
70°C using an aspirator. Distillation of the residue yields 236 gm (817%) oft 
erythro-2,3-pentanediol, b.p. 89°C (10 mm), az’ 1.4431. 
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3. CONDENSATION REACTIONS 


The reaction of alkyl or aryl Grignard reagents with gaseous formaldehyde 
produces primary alcohols in good yields [10]. Benzylmagnesium halide is an 
exception since o-methylbenzyl alcohol is formed in 557, yields [11]. 


RMgX + CH,=O0 ——> RCH,OH (32) 


3-1, Synthesis of 2,2-Dimethyl-1-hexanol Using a Grignard Reaction [10] 


CHa CH, 
é H,0 | 
Cie MgCl + CH,=O > C.Ho—C—CH,OH (33) 
NH.CI | 
Hy CHs 


The Grignard reagent is prepared from 3.2 moles of 2-chloro-2-methyl- 
hexane in 2.1 liters of ether in the usual manner (see Chapter 2) and then 3.3 
moles of formaldehyde, obtained by heating 100 gm of paraformaldehyde at 
165°~170°C, is forced over the surface of the rapidly stirred Grignard by 
means of a nitrogen stream. The reaction mixture is gently refluxed for 8 hr 
while stirring and then decomposed by pouring carefully into 2 liters of ice 
water containing 3.2 moles of ammonium chloride, The ether layer is sepa- 
rated and the water layer is further extracted with two portions of ether, The 
combined ether layers are dried with anhydrous sodium sulfate and potassium 
carbonate overnight, filtered, and distilled through a good fractionating 
column to yield 260 gm (62%) of 2,2-dimethyl-l-hexanol b.p. 80°-82°C 
(14 mm Hg), af? 1.4304. 


Using higher aldehydes yields secondary alcohols [12]. 
RMgX + RCHO -~-—> RCHR (34) 
iH 


Other active organometallics such as sodium [13] or lithium [14] acetylide 
give a similar reaction. 

Using ketones in the Grignard condensation reaction yields tertiary alcohols 
in good yields and this is a widely used reaction for this purpose [15]. Strong 
acids should be avoided in decomposing the Grignard complex since 
tertiary alcohols are susceptible to dehydration. Ammonium chloride is the 
preferred agent for hydrolysis [16]. Distillations should be carried out at 
low temperatures to avoid dehydration to the olefin. 

Tertiary alcohols are also made by reacting Grignard reagents with esters 
[17], aryl halides [18], carbon dioxide [19], carbonates [20], or acids [21]. 

Primary alcohols result in reaction ofthe Grignard reagent and alkylene 
oxides. This method is often used to add two carbons from ethylene oxide to 
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yield the primary alcohol in good yields [22] when ethylene oxide is present in 
2/1 molar excess. Other alkylene oxides such as propylene oxide [23], cyclo- 
hexene oxide [24], styrene oxide [11], etc., yield secondary alcohols, in lower 
yields. 

The condensation of ethylene carbonate or ethylene oxide with alcohols or 
phenols yields 2-hydroxymethyl ethers [25]. 


3-2, Synthesis of l-Octanol Using a Grignard Reaction [25] 
° 
ZN 
C3HiiCHaMgBr + CHs—CHz ~—> C,Hi,CH2CH,CH,OH (35) 


To a solution of n-hexylmagnesium bromide in 700 ml of ether [prepared 
from 2 moles (330 gm) of n-hexyl bromide, 2 moles (48 gm) of magnesium 
turnings, and 700 ml of anhydrous ether] is added 95 gm (2.2 moles) of liquid 
ethylene oxide over a period of 1 hr while the ether refluxes vigorously as a 
result of the heat of reaction. After the addition has been completed, the ether 
is distilled off until 275 ml have been collected. Then 330 ml of dry benzene is 
added and the distillation is continued until the temperature reaches 65°C. 
The mixture is then refluxed for 1 hr and then hydrolyzed with ice water 
containing 10% sulfuric acid. The benzene layer is separated, washed twice 
with 10%, sodium hydroxide solution, and then distilled to remove the ben- 
zene solvent. The residue is distilled under reduced pressure to yield 185 gm 
(71%) of 1-octanol, b.p. 105°C (15 mm), 


3-3 Preparation of ®-2-Hydroxyethyl Naphthyl Ether Using Ethylene 
Carbonate [26] 


OH HC Hy Ss H,CH,OH 
+ | om 36) 
On,-0 A 
I 
oO 


Toa flask is added 35.2 gm (0.4 mole) of ethylene carbonate and 28.8 gm 
(0.2 mole) of B-naphthol. The mixture is heated in an oil bath at 195°C for 
14 hr. The reaction mixture is then cooled, diluted with 75 ml of ethanol, 
chilled, and poured into 300 ml of cold 3 N sodium hydroxide. The precipitate 
is filtered, washed with cold water, dried, and dissolved in benzene. The 
benzene is then partially distilled off to remove the remaining water. The 
benzene solution is filtered and then concentrated using an aspirator to yield 
38.5 gm of 2-hydroxyethyl naphthyl ether, m.p. 72°-73°C. Despite the sharp 
melting point this product is not quite pure since the weight of product 
isolated would represent a 103% yield. 
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The Friedel-Crafts reaction of aromatic hydrocarbons with ethylene 
oxide [27] has been used to afford xylylethanols (28, 28a] in good yields. 


3-4. Synthesis of 2-(2,4-Dimethylphenyl)ethanol by the Friedel-Crafts Reaction 
[28] 
CH,—CH,OH 
a Hy 
+ HaC-CHs + Alcl, — G7) 
fe) 
H, CH, 


To a 3 liter, three-necked round-bottomed flask with a stirrer, dropping 
funnel, and gas outlet tube is added 5 moles of dry m-xylene (613 ml, 95%, 
Oronite Chem. Co.) and 120 gm (0.9 mole) of aluminum chloride. The flask is 
cooled in an ice-salt water bath while 2 moles (88 gm) of ethylene oxide dis- 
solved in 5 moles (613 ml) of m-xylene is added over a period of 2 hr. The 
reaction mixture is allowed to stand at room temperature overnight and then 
100 ml of concentrated hydrochloric acid in 400 ml of ice water is added. The 
xylene layer is separated, washed with aqueous sodium hydroxide solution, 
and then distilled to yield 125 gm (417%, based on ethylene oxide) of 2-(2,4- 
dimethylphenyl)ethanol, b.p. 100°-104°C (1 mm Hg), #3° 1.5310. 


The aldol condensation usually occurs with aldehydes or ketones with 
labile hydrogen atoms alpha to the carbonyl group or other activating group 
(nitro). The aldol (hydroxyaldehyde) or ketol (hydroxyketone) is formed in 
good yields under basic conditions. However, aldehydes lacking an «- 
hydrogen, such as benzaldehyde, are subject to simultaneous dehydration to 
the olefinic aldehyde or ketone. Mixed aldehydes or ketones give mixtures of 
products and thus purer products are obtained when one of the aldehydes 
does not contain an a-hydrogen atom. 


3-5. Preparation of. a,a-Dimethyl-B-hydroxypropionaldehyde by the Aldol 


Condensation Reaction [29] 
CHs CHs 
CHs & cH-o + CH,=0 —> CH; é CH=0 (38) 
! b 
H HH la 


To a cooled flask containing 200 gm (2.3 mole) of isobutyraldehyde and 
224 gm of 407, formalin (3.0 moles) are added with stirring small portions of 
potassium carbonate at temperatures up to 20°C until 160 gm has been added. 
The mixture is stirred without cooling for 1 hr, at which time the temperature 
rises to 23°-25°C, The viscous liquid is extracted with ether, dried over 
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sodium sulfate, and then concentrated to yield a solid. Distillation of the 
aldol yields a product with b.p, 83°-86°C (15 mm).* Recrystallization from 
alcohol and vacuum drying at 60°C gives a solid, m.p. 96°-97°C. 

Methyl ketones condense to give ketols which usually dehydrate spon- 
taneously. Diacetone alcohol can be made from acetone by refluxing in the 
presence of barium hydroxide. 

Nitro groups activate methylene hydrogens and cause them to be capable 
of condensing with carbonyl compounds to give good yields of nitro alcohols 
from aliphatic or aromatic aldehydes [30]. 


R R 
Bi 
RCH=0 + H,0—No, + RCH—dH—NO, @9) 
1H 


Alkaline alkoxides have been found to be good basic condensation cata- 
lysts [31, 32] in the above reaction [Eq. (39)]. 

The benzoin condensation [33] is the condensation of an aromatic aldehyde 
by means of alkali cyanides 


Hu 
aré=o SM , art—car (40) 
H 


to give a hydroxy ketone of the type shown in Eq. (40). 

Recently [34] it has been reported that the benzoin condensation of 
anisaldehyde is reversible in the presence or absence of water, although the 
condensation of benzaldehyde [35] appears to go to completion. 


3-6. Synthesis of Anisoin by the Benzoin Condensation [34] 


CH= 


KCN + C,H,OH 
2 #8 aod et (41) 
oH 


OCH, 


NOTE: Since this reaction involves potassium cyanide, all due precautions 
must be observed. 

To a flask containing 22.4 gm (0.345 moles) of potassium cyanide, 90 ml of 
water, and 150 ml of 95%, ethanol is added 112 gm (0.825 mole) of anisalde- 
hyde. The mixture is refluxed for 5 hr, cooled, and then scratched to start 


* The exact yield of this preparation is not given by Stiller e¢ af, [29], but it is mentioned 
that good yields of product are obtained. 
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crystallization. The mixture is stored in a refrigerator overnight and then 
filtered to yield 49.5 gm (44%), m.p. 105°-110°C. Literature m.p. 113°C [36]. 


Sodium metal in benzene or ether catalyzes the condensation ofi aliphatic 
[37-39] and aromatic esters [40] to give «-hydroxyketones (acyloins) in good 
yields. Dispersed sodium techniques [41] facilitate the ease of running this 
reaction in the laboratory. 


RCOOR’ ~_ R—CH—C—R 2) 


The Friedel-Crafts condensation ofi phenols and aliphatic alcohols gives 
alkyl phenols in variable yields. 


ROH + C,H.OH aes R—C.H,OH (43) 


In this reaction, primary alkyl groups isomerize to secondary alkyl groups. 
Tertiary alcohols [42] or olefins [43] may also be used for the alkylation. The 
ethers may be intermediates but then rearrange [44] in a manner similar to a 
Fries reaction [45] of phenolic esters. Straight-chain alkyl phenols can best be 
prepared by reduction of the acyl phenols [46, 47]. 

Phenols also condense with formaldehyde to give methylol and poly- 
mhethylo] phenols [47a]. If the condensation is carried too far methylol 
phenolic resins are obtained. 


OH 


O + CH= MOH, 
yom on HOH, HOH (44) 


CH,OH 


4. REDUCTION REACTIONS 


The reduction of carbonyl compounds to alcohols can either be effected 
using catalytic hydrogenation [48] or organometallic hydrides, The latter is 
preferred because of its simplicity and selectivity. 
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The organometallic hydrides reduce aliphatic and aromatic carbonyl 
compounds in good yields to alcohols. The reaction conditions are convenient 
and the method is highly recommended for large-scale or small scale-prepara- 
tion. 

Some of the reduction methods are summarized in Table I [48a]. 


TABLE I 
Tur REDUCTION OF CARBONYL COMPOUNDS AND OxirANES BY HyDRipgs OR BORANES TO ALCOHOLS 


Reducing agents 
Compound NaBH, LiBH, NaBH, LiAIH, LiAIH, RNHa BiH, Product 
functional + [49] [50] 
group AICI, + + 
AICI, BH; 
RCH=O + + + + + + + RCH,OH 
RCOR + + + + + + + RCH,OH 
RCOOH - + + + + + +  RCH,OH 
RCOOR - + + + + + -  RCH,OH 
Rcod + + + + + + — _RCHOH 
9 \ 
- + + + + +7 ! 


The advantage of sodium borohydride over the other reducing agents 
shown in Table I is that it is relatively stable in aqueous or alcoholic solutions 
and especially in 25% molar amounts of sodium hydroxide. 

The uxe of several reducing agents of the complex borohydride variety and 
of diboranes has been reviewed [48a]. 


4-1. Synthesis of Dimethylphenylethanols Using Sodium Borohydride (28} 


° CH Rs CH 
wol {Von + NaBH, ——> Hy n{ S-cx 45) 


Toa | liter flask containing 300 ml of isopropanol and 10 gm of sodium 
hydroxide is added 20 gm (0.54 mole) of sodium borohydride with cooling. 
To the solution is added dropwise a solution of 280 gm (1.9 moles) of 3,4- 
dimethylacetophenone in 150 ml of isopropanol at such a rate that the solu- 
tion gently refluxes. After the addition, the solution is allowed to stand over- 
night. The solution is then poured into a 5 liter flask and with stirring | liter 
of 1 N sodium hydroxide is added. The oily layer is separated, dried, and 
vacuum-distilled. If a clear separation does not occur then the solution is 
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saturated with salt. The alcohol product is distilled through a 2 ft column to 
yield 177 gm (62%) of product, b.p. 101°-103°C (5 mm Hg), #8? 1.5284. 


4-2. Reduction of Ethyl Stearate to 1-Octadecanol [28a] 
CirHosCOsCzHe + NaBH, + AICI: S825. CyrHysCHOH (46) 

To a 1 liter flask equipped with a dropping funnel, mechanical stirrer, 
condenser, and drying tube is added 8.5 gm (0.25 mole) of sodium borohy- 
dride and 250 ml of diglyme. The contents is stirred to facilitate the solution 
of the borohydride and then 0.4 mole of ethyl stearate (b.p. 198°-199°C at 
10 mm) is slowly added. The solution is vigorously stirred while 42 ml of a 
2.0 M solution of aluminum chloride (0.084 mole) in diglyme is added at such 
arate as to keep the temperature below 50°C. After all the aluminum chloride 
has been added, the reaction mixture is stirred for an hour at room tempera- 
ture, followed by heating on a steam cone for 0.5~1.0 hr. 

The reaction mixture is cooled to room temperature and poured into 500 
gm of crushed ice containing 50 ml of concentrated hydrochloric acid. The 
precipitate is collected on a filter, washed with ice water, pressed, and dried 
under reduced pressure. The crude product is recrystallized from aqueous 
alcohol. The 1-octadecanol is obtained in 91% yield (98.2 gm), m.p. 58°-59°C. 


The Meerwein-Pondorf-Verley reduction of carbonyl compounds uses a 
mixture of isopropanol and aluminum isopropoxide to reduce aldehydes and 
ketones to alcohols [51]. The extent of the reaction can be determined either 
by vapor phase chromatography or by distilling off the acetone as it is formed 
in the reaction. 


AILOCH(CHe)ala ] 
R,C=0 + CHs cH CHs RaCHOH + CHyCCHs (47) 


OH 


The higher boiling aldehydes or ketones remain behind and are later purified 
by distillation. Excellent yields are usually obtained in this reaction, For 
example, 4-chlorophenylmethylcarbinol is produced in 81% yield from the 
ketone [52]. 


4-3. Preparation ‘of 4-Chlorophenylmethylcarbinol Using the Meerwein 
Reduction Reaction [52] 

To a flask containing aluminum isopropoxide (from 13.5 gm aluminum 
powder and 500 ml of dry, distilled isopropanol) is added a solution of 90 
gm of p-chloroacetophenone in 620 ml of isopropanol. The mixture is heated 
for 6 hr and acetone is removed as it forms, The isopropanol solvent is then 
distilled off and the cooled residue is acidified with 400 ml of 10% hydro- 
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on 
of \Gicn + CH.—F-CHa (48) 
oO 


chloric acid. The organic layer is separated and the aqueous layer is extracted 
with two 150 ml portions of benzene. The combined organic phase, upon dis- 
tillation yields 74. gm (817,) of the carbinol, b.p. 81°-86°C (1 mm Hg), 3° 
1.5420, 


5, OXIDATION REACTIONS 


The oxidation of organometallics such as the Grignard reagent and 
organoboranes affords alcohols in good yields [53, 53a, 53b]. 


RMgX + 0, —> ROMgX 72°", RoH (49) 
RoAl + 0: —> (RO)oAI > 3 ROH (50) 
R.B + HO: —> 3 ROH (st) 


The Grignard method is useful for the conversion of alkyl or aryl halides to 
the corresponding hydroxy compound. However, the borane method is 
mainly used to convert olefins to alcohols. 


5-1. Oxidation of Phenylmagnesium Bromide to Phenol. [53] 

The use of slightly more than an equimolar amount of an aliphatic Grig- 
nard reagent in the presence of the aryl Grignard reagent during oxidation 
gives improved yields of phenols with aliphatic alcohols as by-products. 


CoHsMgX + 0; —> CoHeOOMgX ———> 


CeHsOMgX + ROMgX = C.H,OH + ROH (52) 


To a flask containing 60 gm of magnesium (2.5 moles) and | liter of ether 
is added dropwise a mixture of 1 mole of bromobenzene and 1.5 moles of iso- 
propyl bromide. Dry oxygen, carbon-dioxide-free, is bubbled into an agitated 
solution of the Grignard reagent at a rate (50 ml/min) which causes gentle 
boiling of the ether. The exotherm ceases after approximately [0 hr. Oxygen 
gas is bubbled into the solution for an additional hour and then the mixture is 
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allowed to stand overnight. The reaction mixture is decomposed by slightly 
less than 2.5 moles of aqueous sulfuric and at 0°C. The amount of water used 
is just enough to keep the magnesium salt in solution. The water layer is 
extracted three times with ether and the ether layers extracted with aqueous 
sodium hydroxide solution. The latter solution is further extracted with ether 
to remove isopropanol. Acidification of the sodium hydroxide solution yields 
64%, of phenol. Fractionation of the remaining ether yields isopropanol. 


Olefins are conveniently hydroborated and then oxidized in good yields to 
alcohols of known configuration [53b]. The diborane used for the hydrobora- 


TABLE II 


THE MARKOVNIKOV HYDRATION OF REPRESENTATIVE OLEFINS BY THE OXYMERCURATION~ 
DEMERCURATION PROCEDURE [54a]* 


Olefin Reaction time Product Yield¢ 
7 7; (%) 
1-Hexene 45 sec 10min 2-Hexanol 96 
1-Dodecene* 7min 70min 2-Dodecanol 1 
cis-2-Pentene 45 sec 10min 65%, 2-, 35% 3-pentanol 98 
trans-2-Pentene 65 sec 15min 54%, 2-, 46% 3-pentanol 95 
2-Methyl-1-butene 10 sec Smin 2-Methyl-2-butanol 90 
2-Methyl-2-butene 20 sec 10min  2-Methyl-2-butanol 95 
3,3-Dimethyl-1-butene 2min 20min  3,3-Dimethyl-2-butanol 94 
2,3-Dimethyl-2-butene 3.5 min 35min  2,3-Dimethyl-2-butanol 86 
2,4,4-Trimethyl-I-pen- 10 min 30min 2,4,4-Trimethyl-2-pentanol 96 
tene 
Cyclopentene 20 sec lhr Cyclopentanol 91 
Cyclohexene 55 sec 11 min Cyclohexanol 99 
Cyclooctene® 2hr 3hr Cyclooctanol 88 
1-Methylcyclopentene 20 sec 6min 1-Methylcyclopentanol 93 
1Methylcyclohexene 20 sec Smin  1-Methylcyclohexanot 100 
Methylenecyclohexane 10 sec Smin 1-Methylcyclohexanol 99 
Styrene 25 sec Smin 1-Phenylethanol 96 
e-Methylstyrene 45-sec 10min 2-Phenyl-2-propanol 95 


OO .._.._ 

® Reprinted from: H. C, Brown and P. Gcoghegan, Jr., J. Am. Chem. Soc. 89, 1522 
(1967). Copyright 1967 by the American Chemical Society. Reprinted by permission of 
the copyright owner. 

> Time for yellow color to disappear. 

* Complete reaction time for the oxymercuration stage, before addition of the 3.0 Mf 
sodium hydroxide. 

4 Analysis by gas-liquid chromatography with an internal standard, 

* Reaction heterogeneous, with olefin possessing only limited solubility in the reaction 
mixture. The longer reaction may be, in part, due to this factor, 
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tion is generated from sodium borohydride and boron trifluoride etherate in 
diglyme. 


3 RCH=CH, + NaBH. + BFs —> (RCH;—CH;).B “> RCH,CH,OH (53) 


Cyclic olefins are hydrated in a cis manner. 
The hydroboration-oxidation of olefins is a useful procedure for achieving 
anti-Markovnikov hydration of carbon-carbon double bonds [54]. 


CH, CH, 
(O} 
cu,—d—cu—cn, 8, 1°, oy,-d cucu, (54) 
He CH, OH 


Recently it has been reported that oxymercuration of olefins, combined 
with reduction of the oxymercurial intermediate by sodium borohydride in 
situ, affords a mild and convenient method to achieve Markovnikov hydration 
of carbon-carbon bonds without observable rearrangement [54a]. 


CH; CHa 


cH.—b—cH—cHt, BHO, ME ond cH cH, (55) 


He 'H,OH 


A general procedure for this reaction follows, using the preparation of 2- 
hexanol as an example. Other representative examples are given in Table II. 


5-2. General Procedure for the Markovnikov Hydration of Olefins by the 
Oxymercuration-Demercuration Procedure [54a] 

In a flask fitted with a stirrer is placed 31.9 gm (0.1 mole) of mercuric 
acetate. To the flask is added 100 ml of water followed by 100 ml of tetra- 
hydrofuran. (See Note below.) Then 0.1 mole of 1-hexene is slowly added 
while a cooling bath maintains the temperature at 25°C. The reaction mix- 
ture is stirred for 10 min at 25°C to complete the oxymercuration. Then 100 ml 
of 3 M sodium hydroxide is added, followed carefully by a dropwise addition 
of 0,5 M sodium borohydride in 3.0 M sodium hydroxide until 100 ml has 
been added. (CAUTION: Since the reaction is exothermic a cooling bath is 
required to maintain the temperature at 25° throughout the reaction.) 

The reduction of the oxymercurial intermediate is almost instantaneous. 
The mercury that is formed is allowed to settle and then sodium chloride is 
added to form a saturated solution. The upper layer consisting of tetra- 
hydrofuran is separated and distilled to yield 96% of 2-hexanoL. 

Note. In the above procedure the mercuric acetate dissolves in the water to 
give a clear solution. When tetrahydrofuran is added a yellow suspension 
forms which becomes lighter and finally colorless and clear. The disap- 
pearance of the yellow color provides an approximate indication of the time 
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required to complete the oxymercuration reaction. It is recommended to 
allow the reaction mixture to stir five to ten times the length of time required 
for the yellow color to vanish before initiating the reduction stage. 


5-3. Preparation of trans-2-Methylcyclopentanol by the Hydroboration 
Reaction |535} 


.CHs ‘Hy CH; 
rae (OY I oo 
ry 


OH 


To a flask containing 16.4 gm (0.2 mole) of 1-methylcyclopentene in 60 ml 
ofitetrahydrofuran at 0°C is added gaseous diborane generated from 3.8 gm 
sodium borohydride in diglyme and boron trifluoride etherate over a period 
of 2 hr. After standing | hr at room temperature some small chips oftice are 
added to hydrolyze the excess diborane. The flask is immersed in an ice bath 
and 45 ml of 3 M sodium hydroxide is added followed by 25 ml of 30% 
hydrogen peroxide over a period of 1 hr. After 1 hr at room temperature the 
organic layer is separated and the water layer extracted with ether. The com- 
bined organic layers are distilled to yield 17.0 gm (85%) of trans-2-methyl- 
cyclopentanol, b.p. 152°-153°C (745 mm), nj? 1.4488. 


Several other examples are cited in a recent review [54] and the yields are 
generally good. 

Olefins can also be directly oxidized with hydrogen peroxide to give 
glycols in good to excellent yields. Performic acid yields the best results and 
it is produced in situ from 30% hydrogen peroxide and formic acid [55, 56]. 

The Cannizzaro reaction [57] of aldehydes lacking an a-hydrogen yields 
alcohols and acids by a bimolecular oxidation-reduction mechanism. 


2.RgC—CHO + NaOH -—» RsC—CH,OH + RsC—COONa (57) 
507, 50%, 

In order to increase the yields of: alcohol, formaldehyde may be added to 
the aldehyde (crossed Cannizzaro reaction). By this means, the higher alde- 
hydes are reduced to alcohols while formaldehyde forms sodium formate as a 
by-product [58, 59]. 


NaOH 
RsC—CHO + CH;=0 ————> RsC—CH.OH + HCOONa (58) 


5-4. Preparation of Anisyl Alcohol by the Crossedi Cannizzaro Reaction {58} 


To a 2 liter flask is added 136 gm (1 mole) of anisaldehyde, 200 ml of 
methanol, and 100 ml (1.3 mole) of formalin solution. The mixture is heated 
to 65°C and then cooled while a solution of 120 gm (3 moles) of sodium hy- 
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droxide in 120 ml water is rapidly added keeping the temperature between 65° 
and 75°C. The reaction mixture is heated to 70°C for 3 hr and then refluxed for 
20 min. The reaction is cooled and diluted with 300 m! of water. The organic 
layer is separated and the water phase is extracted with four portions of 150 
ml of: benzene. The combined organic phase is washed with water, dried, 
and distilled to yield 124 gm of anisyl alcohol (90%), b.p. 134-135°C. (12 mm), 
ne 1.5420. 


cue \ CH=O + CH,=-0 + H,0 -N#OH, 
cno(_\-ciion + HCOOH (59) 


When the aldehyde contains an «-hydrogen in the crossed Cannizzaro 
reaction one obtains hydroxymethyl groups in its place. Thus pentaerythritol 
is obtained from acetaldehyde and formaldehyde in good yield [60]. Di- and 
trimethylol compounds result when higher aldehydes are used [61-63]. 


5-5. Preparation of 1,1,1-Tris(hydroxymethyl)-2-methylprapane [61] 
CHy—CH—CH,—CH=0 + 3 CH2=0 204, CH, -CH—C(CHAOH)s (60) 
‘Hs Hy 


To a flask containing 172 gm (2 moles) of isovaleraldehyde and 650 gm 
(8 moles) of 37%, formalin is slowly added while stirring 1 mole of solid 
calcium hydroxide at such a rate that the temperature remains approximately 
§5°-65°C. The reaction mixture is then heated to 32°C for 12 hr, to 50°-60°C 
for 24 hr, and to 85°C for 6 hr. The hot mixture is filtered and the filtrate con- 
centrated to 600.ml. Approximately 1800 ml of 95%, ethanol is then added and 
the sodium calcium formate is separated by filtration. The filtrate is distilled 
to remove the ethanol and upon distilling the residue there is obtained 156 gm 
(53%) of the triol, b.p. 170°-175°C (6 mm), m.p. 82°-82.1°C (after five 
recrystallizations from ether). 


6. MISCELLANEOUS METHODS 


(1) Guerbert condensation of alcohols by sodium [64]. 

(2) The condensation of pyridines or quinolines with ketones [65]. 
(3) Hydrolysis of «-diazo ketones [66]. 

(4) Claisen rearrangement of allyl ethers [67]. 

(5) Cleavage of furans and pyrans [68]. 
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(6) Cleavage of ethers [69]. 
(7) Dehydrogenation of cyclic ketones to phenols [70-72]. 
(8) Selenium dioxide oxidation of olefins or acetylenes [73] to yield 
unsaturated alcohols. 
(9) Potassium persulfate oxidation of phenols to dihydroxybenzenes [74]. 
(10) The Friedel-Crafts oxygenation of toluene with diisopropyl peroxy- 
dicarbonate [75]. 
(11) Free radical reaction of primary and secondary alcohols with formal- 
dehyde [76]. 
(12) Electrophilic hydroxylations with trifluoroperoxyacetic acid [77]. 
(13) Hydrazine reduction of «,8-epoxy ketones to allylic alcohols [78]. 
(14) The synthesis of cyclopropanols [79]. 
(15) Phenolic derivatives from perhaloacetones [80]. 
(16) Demjanov rearrangement [81]. 
(17) The condensation of olefins, acetylenes, or alcohols with carbon 
monoxide [82-84]. 
(18) The preparation of polyvinyl alcohol [85]. 
(19) A synthesis of homoallylic alcohols [86]. 
(20) The oxidation of epoxides by dimethyl sulfoxide. A simple synthesis of 
o-hydroxy ketones [87, 88]. 


REFERENCES 

1. M. W. Tamete, C. J, Ott, K. E. Marple, and G. W. Hearne, Ind. Eng. Chem. 33, 115 
(1941). 

2. L. I. Smith, J. W. Opie, S. Wawzonek, and W. W. Pritchard, J. Org. Chem. 4, 318 
(1939). 

3. J..N, Ashley, H. J. Barber, A. J. Ewins, G. Newbery, and A. D. Self, J. Chem. Soc. 
p. 103 (1942), 

4, H. D. Hartough, Ind. Eng, Chem, 42, No. 5, 903 (1950). 

. J. Cason, Org. Syn. 21, 1 (1941), 

. W. W. Hartman, Org. Syn. Coll, Vol. 1, 175 (1941). 

. R, L, Frank, R. E, Berry, and O. L. Shotwell, J, Am, Chem, Soc, 71, 3891 (1949), 

Lt R. Stevens and R. H. Bentel, J. Am. Chem. Soc. 63, 311 (1941), 

» F.C Whitmore and R. S. Thorpe, J. Am, Chem. Soc. 63, 1118 (1941), 

. H. J. Lucas, M. J. Schlatter, and R. C, Jones, J. Am. Chem. Soc. 63, 25 (1941). 

. F.C, Whitmore and J. M. Church, J, Am. Chem. Soc. 58, 1120 (1933). 

» M.S. Newman, J. Am. Chem. Soc. 62, 2295 (1940). 

ait G. Overberger, J. H. Saunders, R. E. Allen, and R. Gander, Org. Syn. 28, 28 

1948), 

13. G, F, Hennion and J. J. Sheehan, J. Am. Chem. Soc. 71, 1964 (1949), 

14, G. Wittig and D. Waldi, J. Prakt. Chem. [2] 160, 243 (1942). 

15. C. S. Marvel, H. W. Johnston, J. W. Meier, T. W. Mastin, J. Whitson, and C. M. 

Himel, J. Am. Chem. Soc, 66, 914 (1944), 
16. R. V. Valkenburgh, K. W. Greenice, J. M. Derfer, and C. E. Boord, J. Am. Chem. 
Soc. 71, 172 (1949). 


References 97 


17. J. M. Church, F. C. Whitmore, and R. V. McGrew, J. Am, Chem. Soc. 56, 176 (1934). 

18. F.C. Whitmore, J. S. Whitaker, W. A. Mosher, O. N. Breivik, N. R. Wheeler, C. S. 
Miner, Jr., L. H. Sutherland, R. B. Wagner, T. W. Clapper, C. E. Lewis, A. R. Lux, 
and A. H. Popkin, J. Am. Chem. Soc. 63, 643 (1941). 

19. G. Calingaert, H. Soroos, V. Hnizda, and H. Shapiro, J, Am. Chem. Soc. 66, 1389 
(1944). 

20. A. A. Morton, J. R. Myles, and W. S. Emerson, Org. Syn. 23, 95 (1943). 

21. R. C. Huston and D. L. Bailey, J. Am. Chem. Soc. 68, 1382 (1946). 

22. E. E. Dreger, Org. Syn. Coil. Vol. 1, 306 (1941). 

23. R. C. Huston and C. O. Bostwilk, J. Org. Chem. 13, 334 (1948). 

24. P. D. Bartlett and C. M. Berry, J. Am. Chem. Soc. 56, 2683 (1934). 

25. T. H. Vaughn, R. J. Spahr, and J. A. Nieuwland, J. Am. Chem. Soc. 55, 4208 (1933). 

26, W. W. Carlson and L. H. Cretcher, J. Am. Chem. Soc. 69, 1952 (1947). 

27. J, Colonge and P. Rochas, Bull. Soc. Chim. France [5] 15, 818, 822, 825, and 827 
(1948). 

28. S. R. Sandler, unpublished results, The Borden Chem. Co. Central Research Lab. 
Phila., Pa. 19124 (1960). 

28a, H. C. Brown and B, C. S. Rao, J. Am. Chem. Soc. 78, 2587 (1956). 

29, E. T. Stiller, S. A. Harris, J, Finkelstein, J. C. Keresztesy, and K. Folkers, J. Am. 
Chem. Soc. 62, 1785 (1940). 

30. L. M. Long and H. D, Troutman, J. Am. Chem. Soc. 71, 2469 (1949). 

31. J. Attenburrow, J. Elks, B. A. Hems, and K. N. Speyer, J. Chem. Soc. p. 510 (1949). 

32. A. Lambert and A. Lowe, J. Chem. Soc. p. 1517 (1947). 

33. W. S. Ide and J. S. Buck, Org. Reactions 4, 269 (1948). 

34. G, Sumrell, J. I. Stevens, and G. E. Goheen, J. Org. Chem. 22, 39 (1957). 

35. R. Adams and C. S. Marvel, Org. Syn. Coll. Vol. 1, 94 (1941). 

36, I, M. Heilbron and H. M. Bunbury, “Dictionary of Organic Compounds," Vol. 1 
(rev. ed.). Oxford Univ. Press, London and New York, 1953. 

37. J. M. Snell and S. M. McElvain, Org. Syn. Coll. Vol. 2, 114 (1943). 

38. J. C. Speck, Jr., and R. W. Bost, J. Org. Chem. 11, 788 (1946). 

39. V. L. Hansley, J. Am. Chem. Soc. §7, 2303 (1935). 

40. M.S. Kharasch, E, Sternfeld, and F. R. Mayo, J. Org. Chem. 5, 362 (1940). 

41. V. L. Hansley, Ind. Eng. Chem. 43, 1759 (1951). 

42. R. C. Huston and G. W. Hedrick, J. Am. Chem. Soc. 59, 2001 (1937). 

43. H, Hart, J. Am. Chem. Soc, 71, 1966 (1949). 

44. F. J. Sowa, H. D. Hinton, and J. A. Nieuwland, J. Am. Chem. Soc. $4, 3694 (1932). 

45, A. H. Blatt, Org. Reactions 1, 342 (1942). 

46. R. R. Read and J. Wood, Jr., Org. Syn. 20, 57 (1940). 

47. D. V. Nightengale and H. D. Radford, J. Org. Chem. 14, 1089 (1949). 

47a, J. H. Freeman, J. Am. Chem. Soc. 74, 6257 (1952). 

48. W. H. Carothers and R. Adams, J. Am. Chem. Soc. 46, 1675 (1924). 

48a, E. Schenker, Angew. Chem. 73, No. 3, 81 (1961). 

49. E. L, Eliel and M. N. Rerick, J. Am. Chem. Soc. 82, 1362 (1960). 

50. H. Noth and H. Beyer, Chem. Ber. 93, 1078 (1960). 

51. A. L. Wilds, Org. Reactions 2, 178 (1944). 

52. C. S. Marvel and G. L. Schertz, J. Am. Chem. Soc. 65, 2055 (1943). 

53. M.S. Kharasch and W. B. Reynolds, J. Am. Chem. Soc. 65, 501 (1943). 

53a. A. M. Sladkov, V. A. Markevich, I, A. Yavich, L. K. Luneva, and V. N. Chernov, 

Dokl, Akad. Nauk SSSR. 119, 1159 (1958). 
53b. H. C. Brown and G. Zweifel, J. Am. Chem. Soc. 81, 247 (1959). 


98 


54, 


4, Alcohols and Phenols 


G. Zweifel and H. C. Brown, Org. Reactions 13, 1 (1963). 


54a, H. C. Brown and P. Geoghegan, Jr., J. Am. Chem. Soc. 89, 1522 (1967). 


. D. Swern, G. N. Billen, and J. T. Scanlan, J, Am. Chem. Soc. 68, 1504 (1946). 
. D. Swern, Chem. Rev. 45, 25 (1949). 

. T. A, Geissman, Org. Reactions 2, 94 (1944). 

. D. Davidson and M, T. Bogert, J. Am. Chem. Soc. 57, 905 (1935). 

. D. Davidson and M. Weiss, Org. Syn. Coll. Vol. 2, 590 (1943). 

. H. B, J. Schurink, Org. Syn. Coll, Vol. 1, 425 (1941). 


J. M. Derfer, K. W. Greenlee, and C. E. Boord, J. Am. Chem. Soc. 71, 178 (1949). 
R. W. Shortridge, J, Am. Chem. Soc, 70, 984 (1948). 


. H. Wittcoff, Org. Syn. 31, 101 (1951). 
. C, Weizinan, E, D. Bergmann, and M. Sulzbacher, J. Org. Chem. 15, 54 (1950), 


B. Emmert and E, Asendorf, Chem. Ber. 72, 1188 (1939). 


. F. Kipnis, H. Soloway, and J. Ornfelt, J, Am. Chem. Soc. 70, 142 (1948). 

. D. S. Tarbell, Org. Reactions 2, 1 (1944). 

. L. E, Schniepp, H. H. Geller, and R. W. Karff, J. Am. Chem. Soc. 69, 672 (1947). 
. W. J. Close, B. D. Tiffany, and M. A. Spielman, J. Am. Chem. Soc. 71, 1265 (1949). 


E. C, Horning, M. G. Horning, and G. N. Walker, /. Am. Chem. Soc. 71, 169 (1949), 


. H. Adkins, L. M. Richards, and J. W. Davis, J. Am. Chem. Soc. 63, 1320 (1941). 
. L. Ruzicka, Helv, Chim, Acta 19, 419 (1936). 
. N. Rabjohn, Org, Reactions 5, 331 (1949). 


S. M. Scthna, Chem. Rev. 49, 91 (1951). 

P, Kovacic and S. T. Morneweck, J. Am. Chem. Soc. 87, 1566 (1965). 

A. J. Davidson and R. O. C. Norman, J. Chem. Soc. p, 5404 (1964). 

M. Oyama, J. Org. Chem. 30, 2429 (1965). 

P. S. Wharton and D. H. Bohlen, J. Org. Chem. 26, 3615 (1961), 

C. H. DePuy, G. M. Dappen, K. L. Eilers, and R. A, Klein, J, Org. Chem, 29, 2813 
(1964). 


. B.S. Farah, E. E. Gilbert, M. Litt, J. A. Otto, and J. P. Sibilia, J. Org. Chem. 30, 


1003 (1965). 


. R. Kotani, J. Org. Chem. 30, 350 (1965), 
. H. Greenfield, J. H. Wotiz, and 1. Wender, J. Org. Chem. 22, 542 (1959). 


N. Kutepow and H. Kindler, Angew. Chem. 72, 802 (1960), 


}. J. Falbe and F. Korte, Chem. Ber. 97, 1104 (1964). 
. C. E, Schiidknecht, “Vinyl and Related Polymers,” pp. 341-343. Wiley, New York, 


1952. 


. J. K. Crandall, D, B. Banks, R, A. Colyer, R. J. Watkins, and J. P. Arrington, 


J. Org. Chem. 33, 423 (1968), 


. T. Cohen and T. Tsuji, J. Org. Chem. 26, 1681 (1961). 
. T. M. Santosusso, R. D. Siockett, and D. Swern, Abstr. 3rd Middle Atlantic ACS 


Regional Mtg., p. 59H (1968). 


CHAPTER 8/ETHERS AND OXIDES 


1. Introduction . E e 3 Ps . . . . as . - 99 
2. Condensation Reactions - . . % . . . . ‘ + 101 
A. The Williamson Synthesis . , < < - » 101 
2-1. Preparation of Triphenylmethyl Ethyl Ether. . ; ‘ . - 101 
2-2, Preparation of Allyl Phenyl Ether . 7 3 102 
B. The Condensation of Alcohols with Aldehydes, Olefins, “Acetylene, 
Alkyl Sulfates, and Oxides . . - . 102 
2-3. Preparation of Chloromethyl Methyl Ether . i é s, é « 103 
2-4, Preparation of Nitro-tert-butyl Methyl Ether. + é m 4 - 103 
2-5. Preparation of Isobutyl Ethyl Ether a . . . ‘ 7 - 104 
2-6. Preparation of 1-Ethoxy-2-propanol . ai 105 


C. The Reaction of Chloroethers with Olefins and Organometallic Reagents | 105 
D. The Condensation of Oxirane Commons i to Give Substituted Oxiranes 


(Epoxides). . . 7 . . 105 
2-7, Preparation of Glycidyl Benzoate if 106 
2-8, Preparation of the Diglycidyl Ether of 2,2,68-Tetrabromobispheno! ‘4 G2 
Di(3,5-dibromo-4-hydroxyphenyl)propane) ‘ : A 106 
E. The Darzens Glycidic Ester Synthesis . . - . : . . 107 
2-9. Preparation ‘of. phenrinnthoist ie Ester. Fi c 7 : + 108 
3. Elimination Reactions. . . . . . : « 108 
A. Ethers . . . E a . . . . . . - 108 
B. Epoxides . . 7 z : » 109 
3-1. Preparation of 2,3-Bpoxy- I+ propanol (Glycldol) . 7 2 : .» 109 
4. Oxidation Reactions . : : . » 110 
A. Peroxidation of Olefins to Give Oxiranes (Eponides) . . : » 110 
4-1, Preparation of I-Hexene Oxide . . . é ‘ . 110 
4-2. Preparation of 2,3-Epoxy-trans-decalin . - . . : . » 
4-3. Preparation of Isophorone Oxide . . . . . o . - il 
5. Miscellaneous Methods . . . . . . . . . » 112 
References. . . . m . . ° . . . » 112 


1. INTRODUCTION 


Ethers and oxides differ in the type of chemical bonding of carbon to 
oxygen. Oxides are three-membered rings and are attached to adjacent carbon 
atoms in a given system whereas ethers if they are cyclic are not attached to 
adjacent carbon atoms as shown below. 
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—c oc oe 
f \o% \ 7S No 
S e 
‘cC—c oe 
7 S 7 & 
< ct \ va 
7N 0” 4 No7% \ 
Ethers Oxides (Epoxides) 


The common methods used to produce ethers in the laboratory are the 
Williamson synthesis and the dehydration of alcohols using acids or in- 
organic oxides such as alumina. 


RONa + R’X —> ROR’ + NaX (yy 
Ht or Alumina 
—\—!_> 
2ROH ROR + HO @) 


Ethers are also formed by the base- or acid-catalyzed condensation of 
oxides with themselves or with alcohols or phenols to give monomeric or 
polymeric systems. 


CH2—CHa 
Ht va 
oN ye 
CH.—CHa CHz—CH2 
N\o% Dioxane Q) 
CH;0CH:CH.OH 
Methyl cellosolve 


Ethylene oxide 


HO(CH,CH,0),—H 
Carbowax 


Oxides are usually formed in the laboratory by the peroxidation of olefins 
with H,O,, peracids, or by the dehydrohalogenation of halohydrins. 


Nene” + 101 > Nec“ 0) 
f~ ™® aS 0” \ 
\ c Z 


Ae 
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2. CONDENSATION REACTIONS 


The condensation reaction most widely used in the laboratory to give 
ethers is the Williamson synthesis. 


RONa + R’X ——> ROR’ + NaX ) 


The reaction is applicable to the aromatic as well as the aliphatic series, 
In fact the reaction of epichlorohydrin with sodium phenolates can be con- 
sidered a Williamson reaction and is the basis of the large-scale production of 
commercial epoxy resins. 


nCHa—CH—CH,Cl + R-(CsH.OH), "> R-(CGjH.O—CH:—-CH—CH;), © 
7S NS 
oO Oo 

Alcohols or their salts also condense with aldehydes, olefins, acetylenes, 
alkyl sulfates, and oxides to give ethers. 

Ethers or epoxides containing a reactive functional group can also be 
condensed with other functional groups as a means of introducing the ether 
functionality. 

The Darzens glycidic ester synthesis involves the condensation (with the aid 
of bases) of chloroacetates, chloroketones, or other reactive halides with 
aldehydes or ketones to yield epoxy compounds. 


A. The Williamson Synthesis 
RX + R‘OH —> ROR + HX (v) 


The Williamson synthesis usually involves the use of the sodium salt of the 
alcohol and an alkyl halide [1]. Primary halides give the best yields since 
secondary and tertiary halides readily dehydrohalogenate to give olefins. 
However, triarylmethyl chlorides react with alcohols directly to give 977%, 
yields of ethers [2]. Alkyl phenyl ethers are prepared from aqueous or alco- 
holic solutions of alkali phenolates and alkyl halides [3, 4]. Benzyl halides are 
easily replaced by alkoxy groups in high yields [5]. Polar solvents such as 
dimethylformamide favor the reaction [6]. 


2-1. Preparation of Triphenylmethyl Ethyl Ether [2] 
(CeHs)sC—Cl + CgHsOH —> (CsHs)aC—OC.H; + HCI (8) 


To an Erlenmeyer flask containing 100 ml of absolute ethanol is added 
27.9 gm (0.10 mole) of triphenylmethy! chloride. The flask is heated to get 
rid of hydrogen chloride. Upon cooling, 28.0 gm (97%) of the trityl ether 
separates, m.p. 83°C. 
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The Ullmann condensation involves the formation of diary! ethers by the 
reaction of alkali phenolates and aryl halides catalyzed by copper [7-9] or 
cuprous chloride [10]. 

The condensation of chloromethy! methyl ether with alcohols in the 
presence of pyridine gives acetal derivatives of formaldehyde [11]. 


ROH + CICH,OCH, ~“"",, ROCH,OCHs 0) 


Refluxing a phenol with aliyl bromide and anhydrous potassium carbonate 
in acetone for several hours yields allyl aryl ethers in good yields [12]. The 
reaction is unsatisfactory for phenolic aldehydes. The Williamson synthesis 
using sodium phenoxide and allyl bromide in methanol is more rapid than the 
above method and gives good results [13]. 

Epichlorohydrin (3-chloro-1,2-propylene oxide) has found widespread use 
for preparing [14, 14a] glycidyl ethers (epoxides) of phenols and alkyl com- 
pounds. The diglycidyl ethers of phenols have been used to prepare polymers 
by reaction with amines [14]. 


o o 
ROH + Cl-CH,~CA—CH, “". Ro—cH, COs (19) 


2-2. Preparation of Allyl Phenyl Ether [15] 
CoHsOH + CHa=CH—CH,Br “", CH,OCH:;-CH=CH: (11) 


Ina flask equipped with a reflux condenser is placed 18.8 gm (0.20 mole) of 
phenol, 24.2 gm (0.23 mole) of allyl bromide, 28.0 gm (0.20 mole) of potas- 
sium carbonate, and 200 ml of acetone. The contents are refluxed for 10 hr, 
cooled, treated with 200 ml of water, and extracted three times with 25 ml 
Portions of ether. The combined ether extracts are washed with 10% aqueous 
sodium hydroxide and three times with 25 m! portions of a saturated NaCl 
solution, dried, and distilled to yield 22 gm (82%) of the product, b.p. 119.5° 
120,5°C (30.2 mm), #2° 1.5210, rex 882 em@ 2. 


B. The Condensation of Alcohols with Aldchydes, Olefins, Acetylenes, Alkyl 
Sulfates, and Oxides 


Chloromethyl methyl ether is prepared from a mixture of methanol, 
aqueous formaldehyde, and hydrogen chloride [16]. 


CH,0H + CH,=O + HCl —> CH;0CH,CI + H.0 (12) 


The reaction is applicable to higher aldehydes and primary or secondary 
alcohols [17]. 
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Chloromethyl methyl ether adds to olefins in the presence of mercuric 
chloride [18] or zinc chloride [19] to give y-chloro ethers. 

Alcohols also add to olefins and «-nitroolefins [20] in the presence of dilute 
sulfuric acid. Fort example, isobutylene and trimethylethylene give tertiary 
alkyl ethers. Primary alcohols are more reactive than secondary alcohols and 
tertiary alcohols are practically nonreactive. Ethyl-tert-amy] ether is prepared 
in 90% yields [21]. 


2-3. Preparation of Chloromethyl Methyl Ether (16, 22] 
CH,OH + CHz=O + HCl (gas) ----> CH;OCH.Cl + H,O (13) 


In a 2 liter three-necked round-bottomed flask is placed 438 ml (350 gm 
10.9 moles) of methanol and 682 ml (757 gm) of a 37% formaldehyde solution 
(9.34 moles). While cooling to 0°-5°C dry hydrogen chloride gas is bubbled 
through the solution for 2 hr. An oily layer separates and the hydrogen 
chloride gas is bubbled into the solution for another 2 hr longer. The chloro- 
methyl methyl ether layer is separated, dried over calcium chloride, and 
fractionally distilled at atmospheric pressure to yield 252 gm (33.5%) of 
product, b.p. 55°~58°C. It should be noted that the product is a lachrymator 
which smells of hydrogen chloride. It should be protected from moisture. 


2-4. Preparation of Nitro-tert-buty! Methyl Ether [20] 


CH, CHa 


Na | 
cu,—c=cn, + cH,0n S!°8, cH,—¢—cn, (4) 


| 
NO, NO; OCH3 


Toa flask containing 10.8 gm (0.2 mole) of sodium methoxide (from 4.6 gm 
of sodium) in 100 ml of methanol is added dropwise 20.2 gm (0.20 mole) 3- 
nitro-2-methyl-1-propene over a period of 30 min at room temperature, The 
reaction mixture is diluted with water, neutralized, and extracted with ether. 
The ether extract is then dried and distilled to yield 17.3 gm (657%) of nitro- 
tert-butyl methyl ether, b.p. 75°C (15 mm). 

The reaction of acrylonitrile with aryl and aliphatic phenols produces 
cyanoethers (cyanoethylation) [23]. For example the cyanoethylation of 
resorcinol in the presence of Triton B gives a 407, yield of 1,3-bis(8-cyano- 
ethoxy)benzene [24]. 


OH OCH,CH,CN 
+ 2CH,=CH—CN —> Cy a5) 


HH OCH,CH,CN 
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In a related manner phenol and m-methoxyphenol give 67.5 and 767, yields 
of B-phenoxypropionitrile and m-methoxy phenyl propionitrile [24]. Other 
examples are found in Chapter 17 of this text. 

Phenols give phenoxy derivatives at low temperatures when condensed 
with olefins in the presence of mineral acid [25] or of boron trifluoride [26]. 
Primary and secondary alcohols, and phenols add to acrylic esters to give 
8 alkoxy and B-aryloxy propionates. 

Alcohols react with acetylenes to give vinyl ethers [27, 28]. 


ROH + HC=CH ——-> ROCH==CH, (16) 


Anisole is prepared by the alkylation of sodium phenoxide at 10°C with 
dimethyl sulfate (75%) [29]. Aliphatic ethers are made in a similar manner 
[30]. In addition acetylenic ethers are also prepared from acetylenic alcohols 
and dimethyl sulfate in the presence of sodium amide [31]. 


2-5. Preparation of Isobutyl Ethyl Ether (30) 
CHs 


CHiy~-CH—CH,ONa + (CaHs)sSOQ,. —> 
CH, 


CH;—CH—CH20C2Hs + Na(C2Hs)SO, (17) 


To a flask is added 93 gm (1.25 moles) of: dry isobutyl alcohol followed by 
12.5 gm (0.54 gm atom) of sodium (small pieces). The exothermic reaction 
causes the mixture to reflux. After the reaction ceases it is heated by means of 
an oil bath at 120°-130°C for 23 hr. After this time, some of the sodium 
still remains unreacted. The mixture is cooled to 105°~115°C and 77.1 gm 
(0.5 mole) of diethyl sulfate is added dropwise over a 2 hr period. The reaction 
is exothermic and steady refluxing occurs while the addition proceeds. The 
mixture is refluxed for 2 hr after all the diethyl sulfate has been added. The 
reaction mixture is cooled to room temperature. Then to it is added an equal 
weight of crushed ice and a slight excess of dilute sulfuric acid. The ether is 
steam-distilled off, separated, washed three times with 30% sulfuric acid, 
washed twice with water, and then dried over potassium carbonate. The dried 
product is refluxed over sodium ribbon and then fractionally distilled to give 
35.7 gm (70%) of isobutyl ethyl ether, b.p. 78°-80°C, n° 1.3739. 


Alcohols also react with epoxides to give hydroxy ethers by a trans opening 
of the ring. 


NaOCH, 
ROH + Clie a CHs > ROCHy CH—CHs (18) 
{.) ou 
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Cyclohexene oxide reacts with refluxing methanol in the presence of a cata- 
lytic amount of sulfuric acid to give trans-2-methoxycyclohexanol in 82%, 
yield [32]. Unsymmetrical epoxides such as propylene oxide give a primary or 
secondary alcohol depending on the reaction conditions. Base catalysis favors 
secondary alcohol formation whereas acid or noncatalytic conditions favor a 
mixture of the isomeric ethers [33-35]. 


2-6. Preparation of 1-Ethoxy-2-propanol [35] 


Hs + CoHsOH — CH;—CH—CH,0C.Hs (19) 
o H 
To a mixture of 2560 gm (55.5 moles) of absolute ethanol and 10 gm of 
sodium hydroxide at 76°-77°C is added 638 gm (11 moles) of propylene oxide 
over a period of 4 hr. The mixture is boiled for 2 additional hours until the 
temperature becomes steady at 80°C. Distillation of the neutralized liquid 
yields 770 gm (81.4%) of 1-ethoxy-2-propanol, b.p. 130°-130.5°C. 


C. The Reaction of Chloroethers with Olefins and Organometallic Reagents 


In a manner related to alcohols adding to olefins and acetylenes to give 
ethers, active chloroethers also can add to olefins to give substituted chloro- 
ethers [36-38]. For example, chloromethyl methyl ether adds to isobutylene 
under Friedel-Crafts catalysis to give 3-chloro-3-methylbutyl methyl ether in 
60% yield [36]. 

(CHa)sC=CHz + Cl-CHz—OCH; ——> (CH2)2C—CH,CH20CHa (20) 
1 


Organometallics such as Grignard reagents couple with chloroethers to 
give substituted ethers [39]. 


RMgX + Cl—CH,0CH, ——> RCH,OCH, + MgXCl Qh 


One of the steps in the Boord synthesis involves the Grignard coupling with 
an «,8-dibromo ether to form a £-bromo ether [40, 41]. 


D. The Condensation of Oxirane Compounds to Give Substituted Oxiranes 
(Epoxides) 

Oxirane compounds such as 3,4-epoxy-1-butene [42], 2,3-epoxy-1-propanol 
(glycidol) [43], 2,3-epoxy-I-chloropropane (epichlorohydrin) [44], and 2,3- 
epoxybutanoic acid [45] can be used to react with other functional groups 
while keeping the epoxy groups intact. Recently several pure diglycidyi esters 
have been prepared by the simultaneous addition of an acid chloride and tri- 
ethylamine to glycidol at 0°-5°C in 25-947, yields [46]. 
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then lowered to 95°C while more sodium hydroxide (35 gm, 0.87 moles) is 
added portionwise in 6 gm batches. After the last addition the reaction 
mixture became yellow and opaque. Stirring is continued until no further 
exotherm is observed. The excess epichlorohydrin is distilled off using a water 
aspirator while keeping the reaction mixture below 150°C. Benzene (25 ml) is 
added to precipitate sodium chloride and the mixture is filtered through a 
Biichner funnel. The salts are washed with another 25 ml of benzene and the 
washings together with the filtrate are concentrated under reduced pressure 
to yield 117 gm (71%) of a dark brown syrup having an epoxy equivalent 
weight of 331 (calculated 328). 


The condensation reactions of 2,3-epoxy-l-chloropropane (epichloro- 
hydrin) have assumed great commercial significance in the preparation of the 
epoxides for polymer applications in plastics, adhesives, and coatings. For 
example, the diepoxides of bisphenol A are prepared by condensing two moles 
of epichlorohydrin with a basic solution of the bisphenol A [48-50]. 


rectus sto-{ (Yon = 
fexzemen{_ ye as 


The synthesis of monoglycidyl aryl ethers has also been reported [51]. 

A review of the ether-forming reactions of epichlorohydrin (2,3-epoxy-1- 
chloropropane) has been published [52]. 

The literature on the synthesis of epoxy resins is extensive, and several good 
sources are available [14a, 53}. 


E. The Darzens Glycidic Ester Synthesis 


The Darzens synthesis [54-56] involves the condensation of aldehydes or 
ketones with ethyl chloroacetate in the presence of sodium amide or ethoxide 
to give o,B-epoxyesters in one step. Aromatic ketones and aldehydes as well as 
aliphatic ketones give good yields. Yields from aliphatic aldehydes, however, 
are poor, 


RsC=O + CL-CHa—COOGHs > R-¢-CHOOOCAHs 6) 
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Cie eee + R(COCI)2 + 2 EtaN —> 


° 
(CHa~-CH—CH;—OC),R + 2EtsN-HCl (22) 
So 


2-7. Preparation of Glycidyl Benzoate {22} 


A 
CoHsCOCI + HOCH,CA—CH, NS CsHsCOOCH2CH—CHz + EtsN-HCl (23) 


To a 2 liter flask is added 51.9 gm (0.7 mole) of glycidol and 400 ml of 
benzene. The flask is cooled to 0°C and a solution of 81.2 ml (0.7 mole) of 
benzoyl chloride in 60 ml of benzene is placed in one dropping funnel and in 
another is placed a solution of 97.0 ml (0.7 mole) of triethylamine in 40 ml of 
benzene, The solutions are added dropwise simultaneously over a 2 hr period 
and then stirred for an additional 2 hr. The solids are filtered and rinsed with 
two 50 ml portions of benzene, The filtrate is shaken twice with dilute 
hydrochloric acid, washed with water until neutral, and dried over sodium 
sulfate. The benzene is then removed using a water aspirator and the residue 
is vacuum-distilled to yield 90 gm (71%), b.p. 97.5°-98.5°C (0.8-0.9 mm). 
The reported [47] boiling point is 103°C (1 mm). 


2-8. Preparation of the Diglycidyl Ether of 2,2',6,6'-Tetrabromobisphenol A 
(2,2-Di(3,5-dibromo-4-hydroxyphenyl) propane) [14] 


To a | liter resin kettle equipped with a stirrer, condenser, and thermo- 
meter is added 136 gm (0.25 moles) of tetrabromobisphenol A (Michigan 
Chem. Corp.), 462.5 gm of epichlorohydrin (5.0 moles), and 2.5 ml water. 
The mixture is stirred until the solids dissolve and then 6 gm (0.15 moles) of 
sodium hydroxide pellets is added. The temperature is raised to 100°C and 


Br cH, Br 6 
HO— | HH + 2cICH,CH_CH, NeOH 
Br oh Br 
Q Br cH, ir 
we CH—CH,0 : O-—CH > oe Se ee 
Br ois Br 


2NaCl+2H,O (24) 
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For example, adding tert-butyl alcohol to a mixture of ethanol and 15%, 
aqueous sulfuric acid gives 95% tert-butyl ethyl ether [61]. 
Alcohols are also dehydrated over solid catalysts such as alumina and 
phosphoric acid [62-65]. 
R 


w YS 
HO—CH,—-R—CH;—OH ——> ite CHa (1) 


B. Epoxides 


Epoxides are produced by the dehydrohalogenation of halohydrins in 
strong alkaline solutions and distilling the products as they are formed. Cis- 
and trans-2,3-epoxybutane are produced in 90% yield by the above procedure 
from 3-chloro-2-butanol [66]. Alkyl-substituted ethylene oxides are readily 
formed by a similar procedure. It is to be noted that alkyl groups enhance ring 
closure to the oxide, which occurs by a trans mechanism [67]. 

Aryl-substituted ethylene oxides, such as styrene oxide, are made by the 
reaction of iodine, water, and mercuric oxide with styrene (51% yield) [68]. 


CoHy—CH==CH, + Ia + HxO —> CoHs—CH—CH; > CH,CH—CH, (32) 
HH N07 


Glycidol is prepared in good yields by the dehydrohalogenation of glycerol 
«-monochlorohydrin with potassium hydroxide [22, 43]. 


3-1. Preparation of 2,3-Epoxy-l-propanol (Glycidol) |22, 43] 
CH,—CH—CH, + KOH > CHz—CH—CH, + KCl + H,O (33) 
JH HH Oo HH 


To a 500 ml, three-necked flask, fitted with a stirrer and a condenser is 
added 332 gm (3.0 moles) of 3-chloro-1,2-propanediol (glycerin a-mono- 
chlorohydrin).* The flask is cooled to 0°C, then potassium hydroxide powder 
is added in small portions over a 5 hr period at 0°C until 74 gm (1.32 moles) 
has been added. Stirring is continued for an additional 4 hr after the reaction 
flask reaches room temperature. The solids are filtered and the filtrate is dis- 
tilled under vacuum to give 83.5 gm (97%), b.p. 44°-56°C (0.60-1.15 mm). 
The literature reports a 60%, yield by a similar procedure with the following 
physical constants b.p. 65°-66°C (2-2.5 mm). 


* Glycerin a-monochlorohydrin is available commercially. It may also be prepared 
from glycerin and concentrated hydrochloric acid as described by Rider and Hill [43]. 
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Ethyl dichloroacetate also condenses with aldehydes and ketones with the 
aid of magnesium amalgam to give «-chloro f-hydroxy esters which, upon 
treatment with sodium ethoxide, give glycidic esters. 

In place of chloroacetic esters other halogenated compounds have been 
found to give good yields of epoxides, e.g,, «-chloroketones [57] with benzyl 
[58] or benzal halides [59]. 


oO 
RCHO + CICH,CoR’ SONS, RCACH--COR’ en 
a 
RcHO + RHC, Ro CHR’ (28) 


2-9. Preparation of Phenylmethylglycidic Ester [60] 
CsHsCOCH, + CICH;COOC,H; + NaNHs —-> 


CHs 
crH,d—CHCOOCHs +NHs + NaCl (29) 


To a flask equipped with a stirrer, condenser, and thermometer is added 
120 gm (1 mole) of acetophenone, 120 gm (1 mole) of ethyl chloroacetate, and 
200 ml of dry benzene. (NOTE: The reaction should be carried out in a hood 
since a large volume of ammonia gas is given off.) During a period of 2 hr 
47,2 gm (1.2 moles) of finely powdered sodium amide is added (strongly 
exothermic) while the temperature is kept at 15°-20°C. Following the addi- 
tion, the reaction mixture is stirred for 2 hr at room temperature and then the 
red mixture is slowly poured into a beaker containing 700 gm of cracked ice 
while stirring by hand. The organic layer is separated and the aqueous layer 
is extracted with 200 ml of benzene. The combined organic layers are washed 
with three 300 ml portions of water, the last one containing 10 ml of acetic 
acid. The benzene solution is dried over sodium sulfate, filtered, concentrated, 
using an aspirator, to give a residue which upon fractionation under reduced 
pressure yields 128-132 gm (62-647), b.p. 111°-113°C (3 mm). 


3. ELIMINATION REACTIONS 


A. Ethers 


The elimination of water from two moles of alcohol yields an ether, 


Ht 
2ROH —> ROR + HO 30) 
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4, OXIDATION REACTIONS 
A. Peroxidation of Olefins to Give Oxiranes (Epoxides) [69-72] 


CAUTION: All organic peracid reactions should be conducted behind a 
safety shield because some reactions proceed with uncontrollable violence. 
Reactions should first be run on a small scale, e.g., 0.1 mole, or less before 
scaling the preparation up. Efficient stirring and cooling should be provided. 

Peracids and other peroxides can be destroyed by the addition of ferrous 
sulfate or sodium bisulfite [71]. 

Peracid mixtures should not be distilled until peracids are eliminated. 
When low concentrations of peracids are present, as shown by analysis, acetic 
and formic acid may be removed by low temperature vacuum distillation. 


The preparations of peracetic [73], performic [74], perbenzoic [75], and 
monoperphthalate [76] acids have been described. Recently m-chloroper- 
benzoic [77] acid has become available; it has the advantage of being more 
stable than perbenzoic acid. Higher aliphatic peracids have been prepared in 
sulfuric acid as a solvent with 507%, hydrogen peroxide [78]. 


The recent literature on epoxidation reactions with peracids is extensive. 
Several reviews are available which should be consulted [72, 79]. Emmons and 
Pagano claim that trifiuoroperacetic acid is the only known peracid effective 
in the peroxidation of: negatively substituted olefins such as methyl-meth- 
acrylate [80]. A recent patent [81] claims that perpropionic acid is superior to 
perbenzoic acid, performic acid, or peracetic acid in the one-step conversion 
of cyclohexene to cyclohexene oxide (90%). The selective epoxidation of 
diolefins to epoxy vinyl monomers suitable for polymerization reactions has 
been described [82]. 

The synthesis of the isomeric 2-butene oxides has been reported earlier [83, 
84] to involve the conversion of cis- and trans-2-butene to the halohydrins 
which on treatment with base give epoxides. 

Recently an improved method for preparing volatile [85] and nonvolatile 
[86] epoxides has been reported to involve the use of m-chloroperbenzoic acid 
in dioxane or chloroform at 0°C. 

Using this method, cis- and trans-2-butene oxides have been prepared in 
52-60%, yields [85]. The preparation ofi 1-hexene oxide using the latter re- 
agent gives a 607, yield (85). Diallyl esters of carboxylic acids also are 
epoxidized in gooa yields to produce glycidyl esters [46]. 


4-1. Preparation of 1-Hexene Oxide [85] 
To a round-bottomed flask is added 24.4 gm (0.119 mole) of m-chloroper- 
benzoic acid (85% pure) and 10.0 gm (0.119 mole) ofi 1-hexene in 300 ml of 


§ 4. Oxidation Reactions lll 


? t 
COOH C—OH 
oO 
CH,—(CH,)s—CH=CH, + Ol —+ CH,{CH,)s—CHCH, + 
cl ca 
rer) 


anhydrous diglyme. The flask is then placed in the refrigerator for 24 hr and 
afterwards the reaction mixture is subjected to distillation through a 2 ft 
helices-packed column to give 7.05 gm (60%) of I-hexene oxide, b.p. 116°— 
119°C, mg? 1.4051. 


4-2. Preparation of 2,3-Epoxy-trans-decalin |86] 


H 
CO) + C,H,COOOH —> ee. (35) 
“H 


To a flask containing 18 gm (0.13 mole) of perbenzoic acid in 320 ml of: 
chloroform at 0°C is added 16.24 gm (0.119 mole) of trans-A?-decalin. The 
flask is placed in the refrigerator (6°C) for 4 days and then the reaction mix- 
ture is extracted with 107% aqueous sodium hydroxide, washed with water, 
and dried over anhydrous sodium sulfate, The chloroform is removed and the 
residual oil is vacuum-distilled to yield 11.24 gm (627%), b.p. 88°-91°C (0.2 
mm). 


4-3. Preparation of Isaphorone Oxide (87) 


ie} oO 
HO, 
I NaOH 4 G6) 
(CH); ‘CH, (CH,)s CH, 


To a flask containing a stirred mixture of 55.2 gm (0.4 mole) of:isophorone 
and 115 ml (1.2 moles) uf 30% aqueous hydrogen peroxide in 400 ml of 
methanol at 15°C is added 33 ml (0.2 mole) of 6N aqueous sodium hydroxide 
over a period of I hr at 15°-20°C, The resulting mixture is stirred for 3 hr at 
20°-25°C and then poured into 500 ml of water. The product is extracted with 
ether, dried over anhydrous magnesium sulfate, and distilled to yield 43.36 gm 
(70.4%), b.p. 70°-73°C (5 mm), m2® 1.4500-1.4510. 
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5. MISCELLANEOUS METHODS 


(1) Vinyl transetherification using mercuric acetate, vinyl ether, and a given 
alcohol [88]. 
(2) Vinyl ethers from acetylene [89]. 
(3) The reaction of diazomethane and its derivatives with aldehydes and 
ketones [90]. 
(4) The reaction of acyl chlorides with acetals to give chloroethers [91-93]. 
(5) Propylene oxide via oxidation of propylene [94]. 
(6) The preparation of aryl ¢-butyl ethers using aryl halides and potassium 
t-butoxide in dimethyl sulfoxide [95, 96]. 
(7) Amine oxides via the reaction of organic hydroperoxides in the 
presence of Group VB and VIB transition metals [97]. 
(8) Molybdenum hexacarbonyl catalyzed hydroperoxide oxidation of 
olefins to epoxides [98]. 
(9) Triglycidyl isocyanurate synthesis using dispersed caustic [99]. 
(10) Solvent assisted Ullmann ether synthesis [100]. 
(11) Oxidative coupling of 2,6-xylenol with activated manganese dioxide 
[101] or polymerization with a copper-pyridine complex [102]. 
(12) The preparation of trans-stilbene oxide from trans-stilbene and per- 
acetic acid [103]. 
(13) The preparation of cholesteryl! oxides using monoperphthalic acids [104]. 
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1. INTRODUCTION 


Most halogenation reactions involve either condensation or elimination 
reactions. Practically any organic compound can be halogenated by these 
reactions. 


X—R—Z <— RZ + X2 —> RX + ZX (43) 
R—-Z—X 
Olefins either add halogen to give 1,2-dihaloalkanes or react at the allylic 
hydrogen to give allyl halides. 


The hydrogenator previously described (Chapter 1) which generates 
hydrogen automatically from sodium borohydride to achieve the quantitative 
hydrogenation of unsaturated compounds, has been adapted to the hydro- 
chlorination of reactive alcohols and olefins. In this procedure hydrogen 
chloride is generated automatically as required to react with the alcohol or 
Olefin, and the generation ceases when the reaction is complete. In this manner 
it is possible to both follow the rate of utilization of the hydrogen chloride and 
to convert the alcohol or olefin essentially quantitatively into product without 
excessive contact with the hydrochlorination reagent [1]. 

The reaction of halomethanes with olefins under basic conditions yields 
either mono or gem-dihalocyclopropanes in Eqs. (2) and (3). 


Ne 
CHXs + K—O-tert-butyl + yoo —_— 


\o-% + KX + tert-Butylalcohol (2) 


gx 


CH.X_ + m-Butyllithium + Nomct Bex. 


\o-c” + LiX + mButyl halide (3) 


< “x 


Aromatic hydrocarbons undergo electrophilic substitution reactions where 
electron-donating substituents favor the reaction and influence the orienta- 
tion. The halogen source may be Cla, Bra, Iz, mixed halogens, PCl;, PCls, 
P + halogen, SOCI,, N-bromosuccinamide, and others. 

The chloromethylation reaction is important in adding Cl-—-CH,— to 
aromatics and heterocycles. 
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The recent interest in fluorocarbons, with their high temperature stability 
and chemical resistance, has generated extensive research in the preparation 
of these compounds. 


2. CONDENSATION REACTIONS 


The condensation reactions for the introduction of a halogen atom involve 
the reaction of a halogen source HX, PXs, PXs, SOCI,, RCOX, SF,, Xa, 
HOX, or RX with alcohols, ethers, diazonium compounds, Grignard re- 
agents, silver salts of acids, acids, amides, aromatic compounds, aldehydes, 
ketones, olefins, and amines. Many other organic compounds also undergo 
these reactions, 


A. Conversion of Alcohols to Alkyl Halides 


ROH + HX —> RX + H,O 4) 

3 ROH + PX; —> 3RX + HsPO; (5) 

ROH + KI + HsPO, —> RI + KH:PO, + H,O (6) 
ROH + SOCls ——> RCI + SO2 + HCI (©) 


Alkyl bromides are prepared from alcohols in good yield in the laboratory 
using aqueous hydrogen bromide [la], dry hydrogen bromide [2, 3], or by 
means of sodium bromide-sulfuric acid-water. The latter procedure is satis- 
factory for low molecular weight alcohols. Primary chlorides are synthesized 
using zinc chloride and hydrochloric acid [4]. 

Highly branched halides rearrange to tertiary halides. Primary halides 
R,CH—CH3X can be obtained free of rearrangement products by using the 
parent alcohol in the presence of phosphorus tribromide or thionyl chloride 
in pyridine [5]. 

Tertiary halides are easily prepared by the reaction of hydrogen halide with 
the alcohol [1, 6]. 

The use of phosphorus halides (phosphorus and bromine or iodine) in the 
presence of pyridine can be used to prepare primary and secondary alkyl 
bromides [7], or iodides [8] free of rearrangement. Phosphorus pentachloride 
[9] or even better thionyl chloride [10] in pyridine is used to yield alkyl 
chlorides without rearrangement. Allylic alcohols, at low temperatures, give 
unrearranged allylic bromides [11]. 

Dihalides can also be produced using the above methods [12]. 


2-1. Preparation of n-Butyl Bromide [11] 
2.CHsCH:CH,CH30H + 2 NaBr + H»SO, —> 
2 CHsCHsCHsCHsBr + NazSOQ,+2H,O (8) 


TABLE I 
DaTA FOR THE HYDROCHLORINATION OF REPRESENTATIVE TERTIARY ALCOHOLS” 


Alcohol Mmoles Solvent Temp Time’ Hydrogen Alkyl Product 
co (min) chloride chloride 

used obtained nPor Purity’ by Yield 

(mmoles) (mmoles) m.p.(°C) titration isolated 


(%) 
tert-Butyl Alcohol 42.1 Neat Roomtemp. 75 38.3 31 _ 99 14 
tert-Penty] alcohol 39.1 Neat Roomtemp. 15 37.3 38.2 1.4058 100 97 
‘Triethylcarbinol 40.0 Neat Roomtemp. 7.5 39.9 37.4 1.4330 100 94 
Benzhydrol 10.0 CHCl, o 25 10.3 9.3 1.5957 95 93 
Diphenylmethylcarbinol 10.0 CHCl, o° 3.5 9.5 9.0 _ (60)* (90)* 
1-Methylcyclopentanol 18.0 #CsHis 10° 3.5 115 17.5 1.4460 100 96 
2-Methyl-endo-norborneol 20.1 m-CsHia 10° 26 20.3 17.6 20-25 98 88 
1,2-Dimethyl-endo-norborneol 20.0  #-CsHia o 12 20.3 19.4 120-122 99 97 
2-Pbenyl-endo-norborneol 20.1 mCsHia o 6.5 21.0 18.7 43-45 90 94 
10.0 CsHis o° 1.8" 99 _ _ _ _ 
10.0 -CyHis o 22 9.6 _ _ = = 
10.0 CHCl, o 12° 10.1 - _ _ _ 
10.0 CHCl, o 1,04 10.5 _ _ _ — 


® Reprinted from: H. C. Brown and N. H. Rei, J. Org. Chem. 31, 1090 (1966). Copyright 1966 by the American Chemical Society. 
Reprinted by permission of the copyright owner. 

» The reaction time is a function of the stirring rate. The values reported should only be considered to be an indication of the very fast 
rates realized. 

° No detectable vinyl proton and hydroxy group was detected in NMR and infrared spectra. 

4 The tertiary chloride is highly unstable and the product appears to lose hydrogen chloride during the aspiration procedure, 

* The data indicate a faster rate in methylene chloride than in n-pentane. 
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To a 2 liter round-bottomed flask equipped with a stirrer, dropping funnel, 
and reflux condenser and containing 270 ml of water is added with stirring 
309 gm (5 moles) of sodium bromide powder. (The reverse addition causes 
caking,) To this solution is first added 178 gm (2.4 moles) of n-butyl alcohol 
and then 218 ml of concentrated sulfuric acid is slowly added dropwise. The 
mixture is stirred vigorously or shaken to prevent the sulfuric acid from 
forming a layer. The mixture is refluxed for 2 hr, and then distilled to yield the 
product. The water-insoluble layer is separated, washed with water, then 
washed with a sodium carbonate solution (5 gm/100 ml water), separated, 
dried over 5-10 gm of calcium chloride, and distilled to yield 298 gm (90%), 
b.p. 101°-104°C, 3° 1.4398. 


Utilizing a commercial model of the H. C. Brown hydrogenator (see 
Chapter 1) it was found that tertiary alcohols and olefins could be hydro- 
chlorinated at 0°C in approximately 100 sec. Some representative experi- 
mental data for various alcohols is given in Table I. 


2-2, Generali Procedure for the Hydrochlorination of Alcohols (1}* 


It is necessary to modify the commercial model of the Brown hydrogenator 
(Delmar Scientific Laboratories, Inc., Maywood, Illinois 60154) to avoid 
possible corrosion of the hypodermic needle of the buret. A glass-tipped buret 
and the corresponding valve are substituted for these two items in the com- 
mercial unit. In this way the concentrated hydrochloric acid in the buret 
comes in contact only with glass and the mercury in the valve before it reacts 
with the concentrated sulfuric acid in the generator to produce anhydrous 
hydrogen chloride. The complete assembly is shown in Fig. 1. 

The following procedure will convert from 10 to 100 mmoles of alcohol or 
olefin into the chloride. However, it can readily be modified to handle either 
smaller or larger quantities. 

Approximately 200 ml of concentrated sulfuric acid is placed in a 500 mi 
modified Erlenmeyer flask, serving as the generator G (Fig. 1). A Teflon- 
coated magnetic stirring bar is introduced. (It is important that the sulfuric 
acid be efficiently stirred to effect thorough mixing of the less-dense hydro- 
chloric acid phase with the sulfuric acid.) The slight curvature of the flask 
bottom and the Teflon collar on the stirring bar are not essential for the 
present application, but they greatly facilitate smooth, efficient stirring of the 
contents, 

The apparatus is assembled so that it is gas-tight. In the buret B is placed an 
adequate amount of concentrated hydrochloric acid. The height of the liquid 

* Procedure 2-2 is reprinted from: H. C. Brown and N. H. Rei, J. Org. Chem. 31, 1090 


(1966). Copyright 1956 by the American Chemical Society, Reprinted by permission of 
the copyright owner, 
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Fia. 1. Apparatus used for the automatic hydrochlorination of alcohols and olefins. 
[Reprinted from: H. C. Brown and N. H. Rei, J. Org. Chem. 31, 1090 (1966)]. Copyright 
1966 by the American Chemical Society. Reprinted by permission of the copyright owner. 


column must be controlled so that it is supported by the column of mercury 
in the valve V. 

By means of a small rubber bulb attached to the top of the buret, pressure 
is supplied to force 3 to 4 ml of concentrated hydrochloric acid through the 
mercury seal to generate sufficient hydrogen chloride to flush the system. (The 
amount is selected to provide a volume of hydrogen chloride that is approxi- 
mately twice the free volume of the system.) 

The reaction flask R, a 125 ml modified flask for the usual scale.of the 
preparations, is commonly immersed in an ice bath to provide a convenient 
reaction temperature. However, in many cases it proved quite satisfactory to 
carty the reaction out at room temperature, and in some cases quite low 
temperatures are used. 

The reaction is initiated by injecting, by means of a hypodermic syringe, 
through the introductory port P, 10 to 1000 mmoles of the alcohol or olefin, 
neat, or as a concentrated solution in n-pentane, methylene chloride, or 
carbon tetrachloride. Reaction begins immediately. (It is important that the 
contents of the reaction flask be stirred vigorously by the usual Teflon-coated 
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bar and magnetic stirrer.) As soon as the pressure drops 10 to 20 mm below 
atmospheric, concentrated hydrochloric acid is drawn through the mercury 
seal in the valve V and it then reacts with the magnetically stirred sulfuric acid 
to generate hydrogen chloride to restore the pressure. The reaction proceeds 
automatically until absorption of hydrogen chloride ceases, as shown by the 
behavior of the mercury in the bubbler, or the constancy of the quantity of 
hydrochloric acid remaining in the buret. 

Experiments revealed that under the operating conditions each milliliter of 
the concentrated hydrochloric acid generated 11.0 + 0.1 mmoles of hydrogen 
chloride. In the case of olefins, such as a-methylstyrene, 1 mole of hydrogen 
chloride was taken up for each mole of olefin. However, in the case of the 
alcohols, additional hydrogen chloride was utilized to saturate the water 
produced in the reaction. At 25°C each mole of alcohol utilized 1.29 moles of 
hydrogen chloride; at 0°C the corresponding figure was 1.35 moles. 

In the case of liquid chlorides, prepared neat from the corresponding 
alcohols, it was adequate to remove with the aid of a capillary tube the small 
lower phase of water saturated with hydrogen chloride. After a brief aspira- 
tion to remove traces of dissolved hydrogen chloride, the organic phase ap- 
peared to be essentially pure tertiary chloride by all of the usual tests. In cases 
where solvents were employed, it was removed under vacuum to recover the 
chloride, or the solution was cooled to low temperatures to precipitate the 
solid chloride [1]. 


2.3, Hydrochlorination of 2-Methyl-endo-norborneol {1]* 


+ HCl —> + H,O (9) 
CH, CH, 
OH a 


The apparatus is assembled and flushed with hydrogen chloride as is des- 
cribed in Procedure 2-2. The reaction flask is immersed in a bath at 10°C, and 
the reaction is initiated by injecting 20 mmoles (2.53 gm) of 2-methyl-endo- 
norborneol in 10 ml of n-pentane solution through the injection port. There is 
an immediate uptake of approximately 75% of the required amount of re- 
agent. Then the reaction proceeds slowly to 100%, utilization, being essentially 
complete in 26 min. The organic layer is withdrawn from the reaction flask 
and subjected to gentle aspiration to remove dissolved hydrogen chloride. 
Fresh pentane is added to bring the volume to precisely 10.0 ml and a 1 ml 

* Procedure 2-3 is reprinted from: H. C. Brown and N. H. Rei, J. Org. Chem. 31, 1090 


(1966). Copyright 1966 by the American Chemical Society. Reprinted by permission of 
the copyright owner. 
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aliquot is added to 80% aqueous ethanol at room temperature. Standard 
alkali is added to neutralize the hydrogen chloride produced, the amount 
corresponding to 97.4% of reactive chloride in solution, This quantity is listed 
as the purity (titration) in Table 1. The remaining solution is evaporated 
under vacuum to constant weight. There is obtained 2.54 gm, 17.5 mmoles, of 
2-methyl-exo-norbornyl chloride, m.p. 20°-25°C. A weighed sample of the 
chloride is solvolyzed in 80%, aqueous ethanol at 25°C. There is produced 
98.6%, of the calculated quantity of hydrogen chloride. 


B. The Chioromethylation Reaction 


Aromatic hydrocarbons react with formaldehyde and hydrogen chloride to 
yield benzyl chlorides (13, 14]. Alkyl and alkoxy groups facilitate the intro- 
duction of the chloromethyl group whereas nitro, carboxyl, or halogen pre- 
vent or retard the reaction. Bis(chloromethyl) compounds are also formed as 
by-products and can become the major product in good yields by employing 
excess formaldehyde and hydrochloric acid [15]. Zinc chloride, phosphoric 
acid, and sulfuric acid can be used as catalysts [16]. 

Thiophene compounds also undergo chloromethylation, i.e, 2- and 3- 
chloromethyl! thiophene are produced [17]. 

Chloroethylation, chloropropylation [18], and bromoethylation [19, 20] 
have been reported. 


2-4. Preparation of Bis(chloromethyl)durene (15) 


CH,Cl 
CEs CH, cu, A cH, 
ok + CH,=0 + Hal —> (10) 
chi, CH, cf, CH, 
CH,Cl 


To a flask containing 50 gm (0.37 mole) of durene (m.p. 79°-81°C) dis- 
solved in 200 ml of a high-boiling petroleum fraction, b.p. 175°-190°C, is 
added 113 ml (1.5 moles) of 40% aqueous formaldehyde solution and 100 ml 
of concentrated hydrochloric acid. The mixture is heated and stirred on a 
steam bath while a slow stream of hydrogen chloride gas is bubbled through 
the mixture. After 6 hr the organic layer is separated and then set aside to 
slowly cool. The white needles of crude product are collected leaving mono- 
chloromethyldurene in solution. The mother liquor is treated again with 
CH,—O + HCl. After a total of six such treatments there is isolated a total 
of 69 gm (91%) of crude bis(chloromethyl)durene, m.p. 193°-194°C (from 
benzene). The yield of recrystallized material is 677%. 
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C. Acid Chlorides 


Thionyl chloride is generally used to prepare aliphatic and aromatic acid 
chlorides. Although acid chlorides have readily been obtained by the reaction 
of thionyl chloride with trimesic acid and terephthalic acid, difficulty was en- 
countered in preparing pyromellitoyl chloride and trimellitoyl chloride [21]. 
These have now been prepared by the use of phosphorus pentachloride [22] 
and their preparations are described below. 


500 mil 

Ar(COOH), + 2 PCl, 2, ancocy, +2HCl+nPOC, = (1 

Thiony! chloride has also been used to prepare aliphatic acid chlorides 
containing 11-19 carbon atoms [23]. 


2-5. Preparation of Pyromellitoyl. Chloride [21, 22] 


i) 
Hoc C—OH ci-e. cc) 
6G... OG. 
HO—C Gon cc ‘c--cl 
I! ll ll (12) 
oO oO o) 


To a 2 liter flask equipped with a stirrer, thermometer, and condenser with 
a sodium hydroxide trap is added 46 gm (0.181 mole) of pyromellitic acid, 
151 gm (0,728 mole) of phosphorus pentachloride, and 333 ml of 1,2,4-tri- 
chlorobenzene. The mixture is stirred until the exotherm subsides and then 
another 46 gm (0.181 mole) of pyromellitic acid and 151 gm (0.728 mole) of 
phosphorus pentachloride is added. After stirring for a few minutes another 
46 gm (0.181 mole) of pyromellitic acid, 151 gm (0.728 mole) of phosphorus 
pentachloride, and 167 ml of trichlorobenzene is added. The reaction mixture 
is stirred for 45 min and then the temperature is gradually raised to about 
120°C (do not exceed 130°C). After about 6 hr at 120°C the mixture turns 
into an amber clear liquid. 

A distillation head is substituted for the condenser and the POCI, is re- 
moved at atmospheric pressure up to 130°C. Trichlorobenzene is removed 
under slight vacuum at 54°C (0.5 to 4 mm Hg) and then the temperature is 
raised in order to distill the product, b.p. 169°-173°C (0.51.25 mm Hg), 
151 gm, (85%), m.p. 59°-62.5°C [24]. 


2-6. Preparation of 2,5-Dichloroterephthaloyl. Chloride |21} 
To a round-bottomed flask, equipped with a stirrer, dropping funnel, and 
condenser with drying tube is added 231.8 gm (0.99 mole) of 2,5-dichlorotere- 
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phthalic acid and 2 ml of pyridine. Then 800 gm (6.72 mole) of thionyl 
chloride is added dropwise. When all the material has been added, the mixture 
is refluxed for 24 hr while hydrochloric acid and sulfur dioxide are given off. 


COOH coc 
a 
_ A 
+2S0C1, ———> + 280, + 2HCI (13) 
ca axe] 
COOH coci 


On standing overnight crystals separate which are filtered and washed with 
n-hexane. The weight of the crystals is 78.8 gm, m.p. 68°C. Analysis, Calcd. 
To Cl, 26.2 (hydrolyzable chlorine). Found: % Cl, 25.9. The remaining 
thionyl chloride is distilled off to give a solid which, upon recrystallization 
from n-hexane, yields an additional 37.1 gm, m.p. 65°-67°C. The total yield 
was 115.9 gm (43.1%). 


2-7, Preparation of Trimesoyl Chloride [21] 


HOOC COOH cioc cocl 
+3s80cl, —vitine, +380, + 3HCl 


COOH cocl (14) 


To a flask as described above is added 420 gm (2 moles) of trimesic acid, 
12 ml of pyridine, and 2856 gm (24 moles) of thionyl chloride. The mixture is 
refluxed for 20 hr, at which time the mixture becomes clear. The excess thionyl 
chloride is distilled off. at atmospheric pressure and the residue is distilled to 
yield 459.2 gm of trimesoyl chloride (97%), b.p. 142°-147°C (0.7 mm). 


Sodium carboxylate salts can react with PCl;, PCls, POCI,, or SOCI, to 
give acid chlorides. For example, sodium fluoroacetate and phosphorus 
pentachloride yield fluoroacetyl chloride in 637, yield [25]. 

Mono- and dianhydrides react with thionyl chloride to give acid chlorides, 
For example, phthalic anhydride [26] is converted to phthaloyl chloride in 
86%, yield [26]. Phosphorus pentachloride in 1,2,4-trichlorobenzene gives 
better yields of pyromellitoyl chloride from pyromellitic acid [21]. 

Benzoyl chloride [27] or phthaloyl chloride [28] react with lower boiling 
acids to give volatile acyl halides. For example, phthaloy! chloride converts 
maleic anhydride to fumaroyl chloride in 957, yield [28]. 
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2-8. Preparation of Trimellitic Anhydride Acid Chloride [21] 
COOH cocl 


+ SOG, —+ ais) 


—_4 


To a flask as previously described is added, with stirring, 115.2 gm of tri- 
mellitic anhydride (0.6 moles), 458 ml (750 gm, 6.3 moles) of thionyl! chloride 
(added slowly with caution), and 3 ml of pyridine and the temperature 
slowly raised to reflux. After 10 hr the mixture becomes a clear yellow liquid. 
The thionyl chloride is distilled off at atmospheric pressure and the residue 
distilled under vacuum to yield 112 gm (71%), b.p. 128°-132°C (0.26-0.30 
mm), m.p. 59°-62°. Analysis Caled.: 7% Cl, 16.86. Found: % Cl, 16.96. 


2-9, Preparation of Trimellitoyl Chloride \21\ 


To a 3 liter flask equipped with a thermometer, condenser, and stirrer is 
added 500 ml of dry, distilled 1,2,4-trichlorobenzene. The reactants are added 
in three increments of 70 gm of trimellitic acid (0.33 mole) and 229 gm of 
phosphorus pentachloride (1.1 moles). The first increment shows no exotherm 
and after 10 min the second increment is added. After 30 min the last incre- 
ment is added followed by 250 ml of 1,2,4-trichlorobegzene. The temperature 
is slowly raised to 130°C and held there for 30 min, at which time the reaction 
mixture becomes clear. The condenser is removed and a fractionating column 
and distillation head are attached. Distillation of the phosphorus oxychloride 
is begun at 55°-130°C. The trichlorobenzene is distilled off at 120°C and 1 mm 
pressure. Infrared lamps and a heating tape are used to facilitate the distilla- 
tion. The product distills at 146°-148°C (1 mm), m3? 1.5960, and is obtained in 
219.8 gm yield (70%). 

Heating 0.2 M trimellitic anhydride (38 gm) with 100 ml of SOCI, and 3 
drops of DMF for 120 hr yields 92.57, of trimellitoyl chloride of identical 
infrared spectrum with that of the product prepared from PCI, and trimellitic 
acid. . 
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Oxalyl chloride reacts with acids to give acid chlorides while liberating 
hydrogen halide, carbon monoxide, and carbon dioxide [29]. High molecular 
weight olefinic acyl halides are prepared in good yields with the aid of oxalyl 
chloride [30]. 


D. Halogenation Reactions 


Halogenation of organic compounds is a common method of introducing a 
halogen functional group. Bromine and chlorine react in the liquid or gas 
phase. Fluorine, however, is too reactive and oxidation reactions occur. 
Sulfur tetrafluoride is an important reagent for the conversion of carboxy! 
group to CF, or CF, groups, as discussed later. Several newer methods of 
halogenation have been reviewed [31]. 

Aromatic compounds are conveniently chlorinated [32] or brominated [33, 
34a] in the laboratory. For example, durene is chlorinated at 0°C in chloro- 
form to 57% monochlorodurene (m.p. 47°~48°C) [32]. In the absence of 
catalysts and in sunlight, alkylbenzenes are brominated [34, 35] or chlori- 
nated [36] in the side chain [35, 36]. 

Naphthalene is brominated at room temperature in the absence of a cata- 
lyst to a-bromonaphthalene in 75%, yield [37], whereas in the presence of an 
iron catalyst at 150°-165°C, 8-bromonaphthalene is formed in 57%, yield [38]. 
Bromine [37], bromine monochloride [39], iodine monobromide [40], and 
N-bromosuccinimide [41-43] have been employed as brominating agents. 

Bromine monochloride reacts with p-nitrophenol to give 2,6-dibromo-4- 
nitrophenol, indicating that the more electrophilic bromine group reacts 
preferentially. 


2-10. Preparation of Bromobenzene (34a) 


Br Br 
Cis =, Om an 
Br 


To a 500 ml round-bottomed flask equipped with a reflux condenser, 
mechanical stirrer, and dropping funnel is added 33 gm (0.42 moles) of ben- 
zene and 3 gm of iron filings. From the dropping funnel containing 60 gm, 
19 ml (0.38 mole) of bromine is added 2 ml of bromine and the flask warmed 
until hydrogen bromide is evolved. The remaining bromide is added over a 
1 hr period. After the addition, the flask is warmed to expel any red vapors. 
The product is washed several times with water and then it is steam-distilled. 
The first portion of the steam distillate is collected until crystals appear in the 
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condenser. The receiver is changed and the second portion of distillate con- 
taining mainly p-dibromobenzene is collected. If a heavy crystalline deposit 
collects in the condenser and threatens to clog it, then the flow of water in the 
condenser is stopped until the crystals melt. The first portion of the steam dis- 
tillate yields a heavy liquid which after drying is distilled at atmospheric pres- 
sure. The fraction boiling at 140°-170°C is collected and then redistilled to 
give 30 gm (50%), b.p. 150°-160°, mp 1.5604 (20°C). The total amount of p- 
dibromobenzene obtained from the second steam distillate fraction and the 
above distillation residue is decolorized and recrystallized from ethanol 
(4 ml per gram of p-dibromobenzene) to give 5-10 gm (11-22%), m.p. 87°- 
88°C. 


2-11, Bromination of p-Nitrophenol in Aqueous Solution with Bromine Chloride 
to Give 2,6-Dibromo-4-nitrophenol [39] 


Ou OH 
Br Br 
+ 2Brcl —> +2HCl (1g) 
NO, NO, 


To a flask containing a vigorously stirred mixture of 13.9 gm (0.1 mole) of 
p-nitrophenol, 21.6 gm (0.21 mole) of sodium bromide, and 450 ml of water at 
45°C (the heating mantle is removed) is slowly added a stream of chlorine 
gas. A white precipitate forms and the temperature rises to 50°-55°C. The 
chlorine gas is added just so long as no bromine color appears above the solu- 
tion. An oil deposits on the side of the flask but it changes to a white solid 
as the reaction progresses, After 15-20 min the bromine color appears above 
the solution and the original white suspension turns orange. The chlorine gas 
is stopped and stirring is continued for 10-15 min at 50°C. If the bromine 
color fades more chlorine gas is added until the color reappears. Stirring is 
then continued for an additional 15 min, When no further fading of the 
bromine color results, the suspension is cooled to 20°C and filtered. The light 
yellow precipitate is washed with cold water, dried for 16-20 hr in a vacuum 
oven at 60°C to give 28.6 gm (96%), m.p. 141°-142°C. 


Iodobenzene is produced in 87% yield by the iodination in the presence of 
sodium persulfate in acetic acid [44]. HI as it is formed is oxidized back to 
free I,, thus avoiding the reducing properties of HI. Iodine monochloride 
readily condenses phenols and amines [45]. m-Iodobenzoic acid is produced 
in 75% yields using iodine and silver sulfate in concentrated sulfuric acid 
[46]. 
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Aliphatic compounds are halogenated preferentially at the tertiary hydro- 
gens in the presence of light or free radical catalysts. Sulfury! chloride is 
effective in the presence of peroxide [47]. The halogenation of alkenes at 
elevated temperatures leads to allyl-type monohalides [48]. In the laboratory 
n-butyl bromide is chlorinated with sulfuryl chloride (and benzoyl peroxide) 
to 1-bromo-4-chlorobutane in 35%, yield [49-51]. 

Recently [52] a novel method has been reported for preparing organic 
iodides in high yield at ambient temperature by the direct interaction of an 
ether or alcohol with elementary iodine in the presence of a small quantity of 
diborane or boron hydride. 


CHsOH + 31, + BaHe —> 6CHal + 2 HyBOs + 3 He 9) 
6 CoHsOCHs + 3 le + BaHy —> 6 CHI + 2B(OCsHy)s + 3H2 —(20) 


Furthermore iodinated phenols are produced in good yield by dissolving the 
appropriate phenol in methyl alcohol or other solvent and adding 1 mole of 
morpholine and 3 moles of iodine. After 48 hr in the cold, the products were 
separated in about 907, yields [53]. 

Aliphatic ethers are halogenated at low temperatures (—20°C) to mono- 
substituted products. Higher temperatures favor mixtures of polysubstituted 
products. For example, chlorination of ethyl ether at —20°C with one 
equivalent of chlorine yields 427, of a-chloroethyl ethyl ether [54]. 

Aryl ethers in the presence of a solvent halogenate preferentially in the 
nucleus. Anisole reacts with phosphorus pentabromide to give 90% p- 
bromoanisole [55]. 

«-Chloro ethers are brominated readily in high yields to the dibromo 
ethers as is performed during the Boord synthesis. The products are unstable 
and have been used directly without purification in the Boord synthesis [56, 
57]. 


E. Reaction of Olefins with Halogens and Halogen Derivatives 


Bromine readily adds to a double bond at — 20° to 20°C to give dibromides 
in high yield, e.g., ally! bromide gives 987, 1,2,3-tribromopropane [58]. 
Chloroform, carbon tetrachloride, acetic acid, or ether are recommended sol- 
vents for the addition of halogen to olefins. Heat or sunlight favors dehydro- 
halogenation reactions. 

Chlorine adds trans to a double bond at low temperatures [59]. Elevated 
temperatures favor substitution reactions. Sulfuryl chloride [60] and phos- 
phorus pentachloride [61] have been used as chlorination agents. 

Conjugated diolefins undergo 1,4-addition of halogen at low temperatures. 
Bromine gives mainly 1,4-addition [62], whereas chlorine in the liquid or 
vapor phase gives equal amounts of 1,2- and 1,4-addition products [63]. 
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Mixtures of bromine and chlorine add to olefins such as cyclohexene, 
styrene, ethylene, stilbene and cinnamic acid to give the bromochlorides. 
The products isolated are those expected for the electrophilic addition 
of a bromine atom and a nucleophilic addition of a chlorine atom 
64]. 

f tg the feasibility of the addition of elemental fluorine to rather sensi- 
tive olefins has been demonstrated. The vicinal difluorides produced were 
predominantly cis [64a]. 


2-12. Bromination of Cyclohexene to 1,2-Dibromocyclohexane [65] 


Br 
OQ + Brg ——> Bi (21) 
‘Br 


To a 2 liter flask equipped with a stirrer, separatory funnel, thermometer, 
and containing a solution of 123 gm (1.5 moles) of cyclohexene in 300 ml of 
carbon tetrachloride and 15 ml of absolute alcohol is added dropwise 210 gm 
(67 ml, 1.3 moles) of bromine in 145 ml of CCl, at such a rate (3 hr) that the 
temperature does not exceed —1°C. Higher temperatures cause substitution 
to occur. The carbon tetrachloride is distilled off using a water bath and the 
residue washed with 20 ml of 20%, alcoholic potassium hydroxide, washed 
with water, dried and immediately distilled under reduced pressure to yield 
303 gm (857,) of product, b.p. 99°-103°C (16 mm), 72° 1.5495. 


Olefins also brominate in the allylic position with N-bromosuccinimide 
(NBS) to give allyl bromides. The olefin is dissolved in anhydrous carbon 
tetrachloride and N-bromosuccinimide is added. Succinimide is an insoluble 
co-product, whose isolation allows the determination of the extent of reaction 
[66]. Benzoyl peroxide and/or light allow one to use NBS to brominate 
conjugated dienes and terminal methyl groups [67]. 

Methylene groups are brominated faster than methyl groups [68]. 

Hydrogen halides add according to Markovnikov’s rule in the absence of 
peroxide to give halogen addition to the carbon with the fewer hydrogen 
atoms. In the presence of peroxides or oxygen the addition is reversed 
[69]. 

Recently the hydrochlorination of olefins has been described, using the 
H. C, Brown hydrogenator as discussed in Procedure 2-2. Using this appa- 
ratus, a-methylstyrene is converted to 2-chloro-2-phenylpropane in almost 
quantitative yield. Table II describes some representative experiments in the 
hydrochlorination of o-methylstyrcne and the effect of solvent on the rate of 
reaction [1]. 
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TABLE II 


DATA ON THE HYOROCHLORINATION OF o-METHYLSTYRENE AT 0°C* 
——————————O—O— 


aMethylstyrene Solvent Time Hydrogen Molar ratio 
(mmoles) (sec) chloride HClolefin 
used 
(mmoles) 
40.1" Neat 126 39.2 0.98 
10.5 ‘Neat 138 10.9 1,03 
10.0 Neat 126 10.1 1.01 
94 Neat 128 10.0 1,06 
9.9 Neat 130 10.0 1.01 
9.8 Neat 136 9.6 0.98 
10.0 n-CyHis® 995 10.1 1,01 
10.0 1 CyHi9" 1100 10.3 1.03 
10.0 CH,Cl,° 61 10.6 1,06 
10.0 CH,Cl,° 123 10.5 1.05 
10.0 CHCl,’ 120 10.3 1,03 


* Reprinted from: H. C. Brown and N. H. Rei, J. Org. Chem. 31 1090 (1966). Copy- 
right 1966 by the American Chemical Society. Reprinted by permission of the copyright 
owner. 

» Isolated a 97.5%, yield of tert-cumyl chloride, 99.5%, pure by titration, 2° 1.5230. 

* 2 M solution. 


2-13. Hydrochlorination of a-Methylstyrene to 2-Chloro-2-phenylpropane [1] 
CHa, CHs 
CeHe—C=CHy + HCI —> CaH,—C—CHs (22) 


Using the apparatus described in Fig. 1 for Procedure 2-2, the flask is 
cooled to 0°C and the reaction is initiated by injecting 4.73 gm (0.04 mole) of 
e-methylstyrene, nZ° 1.5381. After 10 min the excess dissolved hydrogen 
chloride is removed by applying gentle aspiration. The organic phase is 
extracted with 100 ml of pentane and concentrated. The crude product, 
2-chloro-2-phenylpropane, is obtained in 987%, yield (6.02 gm), 2° 1.5230, 


Peroxides and aluminum chloride induce the addition of halogenated 
compounds to olefins. In peroxide-initiated reactions carbon tetrachloride, 
chloroform, bromotrichloromethane, etce., add to olefins containing a ter- 
minal double bond [70]. For example, 1-octene reacts with CCl, to yield 857, 
1,1,1,3-tetrachtorononene. 

Aluminum chloride and other Friedel-Crafts catalysts aid in the condensa- 
tion of aikyl halides and olefins. For example, zert-butyl chloride adds to 
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ethylene to yield 75%, 1-chloro-3,3-dimethylbutane [72]. In addition, by the 
Friedel-Crafts reactions, olefins and alcohols will react with aryl halides to 
give aryl halides in good yields [73]. 

Hypohalous acid also adds to olefins to give substituted chlorohydrins. 
The hydroxyl group attaches to the carbon atom with the smaller number of 
hydrogen atoms. In these reactions, hypohalous acid is generated from fert- 
butyl hypochlorite in dilute acetic acid [74, 75], or from calcium hypochlorite 
and mineral acids [74, 75]. An emulsifying agent gives improved yields [74, 
75). Styrene yields styrene chlorohydrin in 76% yield [74, 75]. 


Dihalocarbenes react with olefins to give 1,1-dihalocyclopropanes [76, 76a]. 


:CHX or :CX, + Ne Cc — 


7 No o Sec” a 
SAN ES 

ain 7 

x H x x 


Halocarbenes can be generated from haloforms and base, methylene halide 
and lithium alkyls, and by the decarboxylation of sodium trichloroacetate. 
Difluorocarbene [76b] can also be generated by the photolysis or pyrolysis of 
difluorodiazirene. Mixed halocarbenes have also been reported [77]. 

2-14. General Procedure for the Preparation of 1,1-Dihalocyelopropanes |76a] 

The gem-dihalocyclopropanes are generally prepared by adding 1.0 mole of 
haloform to 1.0 mole of dry potassium tert-butoxide (M.S.A. Research Corp.) 
and 1.0 mole or more of the olefin in 200-300 ml of n-pentane, at 0°-10°C. 
After the addition is complete the temperature is raised to room temperature 
and the mixture stirred for several hours. Water is added and the organic 
layer separated, washed with water, dried, and concentrated at atmospheric 
Pressure. The crude material is weighed, analyzed by gas-liquid chromato- 
graphy and distilled under reduced pressure to yield the pure product. Several 
examples are summarized in Table III. The detailed preparation of 1,1- 
dibromo-2,2-diphenylcyclopropane is given as an example (2-15). 


2-15. Preparation of 1,1-Dibromo-2,2-diphenyleyclopropane (76a) 
(CeHs)aC=CHs + CHBra + KO-tert-Bu —> 
(elie pits + KBr + sert-Butyl alcohol (24) 


, 
Br Nor 
To a flask containing 100 ml of dry pentane, 25 gm (0.14 mole) of 1,1- 


diphenylethylene, and 28 gm (0.25 mole) of potassium tert-butoxide at orc 
is added dropwise 66 gm (0.26 mole) of bromoform over a 1 hr period at 


TABLE Ill 
METHOD OF PREPARATION AND PHYSICAL PROPERTIES OF SEVERAL 1,1-DIHALOCYCLOPROPANES [76a]* 


1,1-Dibromocyclopropane Olefin (moles) Solvent (ml) Haloform Yield 
{except where noted) potassium-tert- (moles) H) 
butoxide, C = CHCl 
moles B = CHBr, 
6,6-Dichlorobicyclo [3.1.0]- Cyclopentene (1.0) None/0.75 0.75C 20 87°-90° 1.4907- 
hexane (61) 1.4941° 
(27.2°) 
6,6-Dibromobicyclo[3.1.0]- Cyclopentene (1.0) None/0.75 0.82B 42 63°-69° 1.5560- 
hexane 2) 1.5594 (18°) 
7,7-Dichlorobicyclo[4.1.0}- Cyclohexene (1.0) n-Pentane(400)/ 1.0C 18 67°-68° 1.5038 (20°) 
heptane 1.0 (6.0) 
7,7-Dibromobicyclo[4.1.0]- Cyclohexene (1.0) Cyclohexane- 1.18B 35 98°-100° 1.55794 (23°) 
heptane (100)/0.88 (6-6.5) 
2,2-Dimethyl Isobutylene (1.0) None/0.4 0.3B 28 47°-48°(11) 1.5136 (23°) 
cis-2,3-Dimethyl cis-2-Butene (1.0) None/0.4 0.38 90 55°-56° 1,5188- 
(11-12) 1.5206 (23°) 
trans-2,3-Dimethyl trans-2-Butene (1.0) None/0.4 0.3B 90 55°-56° 1.5110 (25°) 
(11) 
2,2,3-Trimethyl 2-Methyl-2-butene (1.0) None/0.6 0.5B »” 48°-S0° 1.5167 (23°) 
G.8) 
2,2,3,3-Tetramethyl 2,3-Dimethyl-2-butene (1.0) _2-Pentane(100)/ 0.9B 0 m.p. — 
10 75°76" 
2-Phenyl- Styrene (1.0) None/0.25 0.258 35 118°-120° 1.5996 (23°) 
(3.7) 
2,2-Diphenyl- 1,1-Diphenylethylene (0.14) #-Pentane(100)/ 0.268 63 m.p. = 
0.25 146°-147°" 
2-sec-Butyl 4-Methyl-1-pentene (1.0) None/0.25 0.25B 52 50° (1.0) 1.4992 (23° 
* Reprinted in part from: S. R. Sandler, J. Org. Chem. 32, ¢ Analysis Caled. for C7Hi Bre: C, 33.10; H, 4.00. 
3876 (1967). Copyright 1967 by the American Chemical Found: C, 33.06; H, 4.15. 
Society. Reprinted by permission of the copyright owner. * Recrystallization from isopropanol. 
» Boiling points and melting points are uncorrected. ? Analysis Calcd. for C;H,,Bra: C, 32.80; H, 4.68. 
° Analysis Calcd. for CsHsCla: C, 47.60; H, 5.30. Found: C, 33.22; H, 4.76. 


C, 47.98; H, 5.18. 
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0°-10°C, During the reaction a yellow solid is formed which upon filtration 
at the end is obtained in 63% yield (30.8 gm), m.p. 140°-147°C (from isopro- 
panol). 

The 1,1-dihalocyclopropanes rearrange thermally or with the aid of 
electrophiles to give allyl halides [77]. The preparations are described in 
Chapter 2 on Olefins. 


‘a Noe” ‘e a 
aoe ett, NLS 4 panos + 0 —> “| 4 vex 
x \ OH X 


F. Halogenation of Aldehydes, Ketones, and Acids 


Aldehydes and ketones are readily halogenated. Acetone is brominated to 
either give bromoacetone [78], 1,3-dibromoacetone [79, 80], or 1,3,3- 
tribromoacetone [80]. 

Chloroketones are prepared using sulfuryl chloride [81] or by direct 
chlorination [82]. 

Aliphatic aryl ketones are halogenated exclusively in the aliphatic side 
chain. The bromination of: acetophenone yields «-bromoacetophenone in 
96%, yield [83]. 

Copper(II) bromide in chloroform-ethyl acetate, brominates, hydroxy- 
acetophenone almost quantitatively to w-bromohydroxyacetophenone [84]. 


° 
H c 
HO—CaHy—C-~CHy + 2 CuBr panes 


° 
| 
Ho—cun,—¢_cu,Br + HBr (100%) + 2CuBr (26) 


Copper(II) chloride in dimethylformamide in the presence of lithium 
chloride, chlorinates ketones in the «position in good yields [85], for example, 
propiophenone (89%) and methyl ethyl ketone (50-70%). 

Aliphatic aldehydes or ketones are converted to gem-dihalides by means of 
phosphorus pentachloride [86]. 


ROHR + PCls ——> RCH;CCI,R + POCIs en 


Arylacetones are not converted to gem-dihalides but to chloroolefins and 
e-chloroketone [87]. 

Bromination of acetone in acetic acid-water solution at 60°C was found 
to give low yields ofi 1,3-dibromoacetone (3-217). The preparation is given 
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below not because it is an excellent preparative method but because it starts 
from inexpensive available raw materials. Improvements could be made, 
possibly through variation of the temperature or type of solvent. 


2-16. Preparation of 1,3-Dibromoacetone [21, 88] 
oO 


° 
Il 
CHs—C—CH, + 2 Brn —> arcH.t! CH,Be + 2 HBr (28) 


To a 2 liter flask in a well-ventilated hood is added 99.0 gm (1.71 moles) of 
acetone, 98.2 gm (1.64 moles) of acetic acid, and 400 gm of water. To the 
stirred solution is added 475 gm (2.97 moles) of bromine from a pressure- 
equalized addition funnel at such a rate as to maintain the temperature at 
60°C. The addition time is about 10 hr. Then the mixture is cooled to room 
temperature, After 48 hr, the bottom layer is separated, dried over magnesium 
sulfate, and distilled under reduced pressure to yield 97.6 gm (30.4%), based 
on bromine used, of 1,3-dibromoacetone, b.p. 69°-71°C (1.5 mm), #3? 1.5423, 
(NOTE: The aqueous upper layer from the reaction mixture must be handled 
with extreme care since it contains large quantities of dissolved hydrogen 
bromide.) 


An alternate procedure involves the preparation of glycerol 1,3-dibromo- 
hydrin and oxidation (sulfuric acid-dichromate) of the latter to 1,3-dibromo- 
acetone in 67%, yield [21]. In this preparation 1000 gm (10.8 moles) of 
glycerol, 25 gm (1.0 mole) of red phosphorus, and 1869 gm (23.4 moles) of 
bromine are reacted to produce glycerol 1,3-dibromohydrin in 59%, yields. 
This procedure has the advantage that the possibility of isomer production is 
drastically reduced, a matter which is difficult to avoid in the direct bromina- 
tion of acetone. 


3 ce eee +2P + 3 Bry ——» 2 HePOs + 3 Br—CH;—C—CH,Br 
HL HH (59%) 


ASS 3 Br—CH—C—CHsBr (677%) (29) 


Aldehydes are halogenated on the aldehyde carbon as well as the a-carbon 
atom [89]. However, when there are no o-hydrogens, then halogenation 
occurs extensively on the aldehyde carbon atom. o-Chlorobenzaldehyde under- 
goes chlorination to give o-chlorobenzoyl chloride in 75-847, yield [90]. 


Acids and esters are halogenated conveniently at the a-position by means 
of red phosphorus and halogens or by phosphorus halides. The preparation 
of bromoacetic acid is carried out using acetic anhydride with pyridine [91]. 


136 6. Halides 


The Hell-Volhard—Zclinsky reaction halogenates the acid in the «-position; 
using two equivalents of halogen yields an «halogenated acyl halide in one 
step [92]. Dicarboxylic acids give «.«'~dihalogenated acids [93]. 


2-17, Hell-Vothard-Zelinsky Reaction—Preparation of a-Bromobutyvie Acid 
[94] 
CHsCH.CH.COOH + Brz —""> CH.CH.CH--COOH (30) 
Br 

To a heated (120°C) flask equipped with a condenser, mechanical stirrer, 
and pressure-equalizing dropping funnel, containing 15 gm (0.171 mole) of 
butyric acid and 0.4 gm (0.0129 mole) of red phosphorus is added dropwise 
30 gm (0.188 mole) of bromine. A great amount of hydrogen bromide is 
evolved and the reaction is completed after 14 hr. Distillation of the reaction 

mixture yields 23 gm (82%) of «-bromobutyric acid. b.p. 120 C (23 mm). 


Sulfur tetrafluoride has the ability to replace carbonyl oxygen with fluorine 
in aldehydes, ketones, and carboxylic acids in 56-88%, yields [95, 96]. Haw- 
ever, the handling of sulfur tetrafluoride is somewhat problematical. The 
reaction is normally carried out in a stainless stcel pressure vessel. 


RaC—O + SF, —> ReCF2 + SOFs 31) 
RCOOH + 2SF, —-» RCF, + HF + 2 SOF. (32) 
HOOC---R-- COOH + 6SF, ---» CF; Ro CF, (33) 
HOOC—R—COOH + 3SF, —-» CF; R--COF (34) 
HaC»~CH--COOH + SF, ——» H,C=C- CFs @5) 
HC=:C--COOH + SF, ~~» HC C~CF, (36) 


3. ELIMINATION AND CLEAVAGE REACTIONS 


The reactions involving elimination can be summarized as follows: 


RX + X’ —» RX’+X Q@7) 
R--Z +X —> R-X4+Z (38) 
R—Z—-X —>» RX+Z (39) 


where X = Cl and X’ = I or F present in Nal and NaF, respectively; Z is 
—Ng* (diazonium) (Sandmeyer), Nz (diazo), -COOAg or COOH (Huns- 
diecker); and Z---X is —N,BF, (Schicmann). 

Ethers are cleaved to dihalides by halogen acids in the presence of Friedel— 
Crafts catalysts such as ZnClq. 
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The above reactions represent a few of the more common elimination- 
cleavage type reactions which are discussed below. 

Conversion of alkyl and aryl chlorides to their iodide derivatives is effected 
in high yields. Allyl bromide or chloride is converted in good yields to allyl 
iodide by refluxing with a mixture of acetone and sodium iodide [21]. 2,4-Di- 
nitrochlorobenzene in dimethylformamide is converted to 2,4-dinitroiodoben- 
zene in 707, yields by refluxing with sodium iodide [97]. 

In a related manner alkyl chlorides are converted to alkyl fluorides by 
refluxing with a mixture of potassium fluoride and N-methy!-2-pyrrolidone as 
a solvent. Alkyl compounds with three or more carbon atoms give high yields. 
Sodium fluoride is ineffective [98]. Furthermore, heating 3,6-dichlorophthalic 
anhydride with potassium fluoride at 260°-270°C for | hr gives 63% of 3,6- 
difluorophthalic anhydride [99]. 


3-1, Preparation of Allyl Iodide |21| 


CH,=CH—CHs—Cl + Nal “S22, CHOCH CH + NaCl (40) 


To a flask containing 4 liters of acetone is added 2270 gm (15.2 moles) of 
sodium iodide followed by the dropwise addition of allyl chloride until 925 gm 
(12.1 moles) has been added. The mixture is then refluxed for 23 hr, cooled, 
poured into 10 liters of deionized water, separated, washed with 2%, sodium 
bisulfite, dried over Na,SOx, and distilled to yield 1407 gm (69%), b.p. 101°- 
103°C (20 mm), 3° 1.5545, d?° 1.844. 


A. The Sandmeyer and Schiemann Reactions 

The Sandmeyer reaction [100] involves the displacement of the diazonium 
group by a halogen to give an aryl halide. The diazonium salt is decomposed 
with a solution of the appropriate hydrogen halide acid and cuprous chloride 
or bromide, Copper powder and mineral acid can also be used effectively in 
the Gattermann modification [101]. For the preparation of chloro- and 
bromophenanthrenes the ordinary conditions fail and they are successfully 
obtained by reacting the appropriate diazonium salt with a mixture of the 
halo mercuric and potassium salts [102]. In some cases copper salts are not 
necessary, as in the case of the preparation of aryl iodides using potassium 
iodide [103]. 
3-2, Sandmeyer Reaction—Preparation of p-Nitrochlorobenzene |104] 


HCi+ NaNO: cuct 
OgN—CgHiNHg > O2N— CoH No Cl- —> 


O2N—CsH.C1 + Na (41) 

To a stirred flask containing 69 gm (0.5 mole) of p-nitroaniline, 108 ml of 
concentrated hydrochloric acid and 200 gm of ice is slowly added 35 gm of 
sodium nitrite in 100 ml of water. The excess nitrite is destroyed with urea and 
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the solution is filtered. The p-nitrobenzenc diazonium chloride is diluted up to 
500 ml and slowly added to 2 liters of acetone at 0'C. Argon free of oxygen is 
swept through the solution and then 8.0 gm (0.081 mole) of cuprous chloride 
and 4 gm (0.0945 mole) of lithium chloride in 200 ml of anhydrous acetone is 
added dropwise. Nitrogen is immediately evolved. The acetone is removed 
under reduced pressure and the residue is extracted with ether. Concentration 
of the ether solution yields 13.6 gm (68'7,) of p-nitrochlorobenzene, m.p. 82°— 
84°C. The mother liquor yields 21%, nitrobenzene. 


The Schiemann reaction involves the reaction of the diazonium chloride 
with fluoroboric acid to give a solid borofluoride which is isolated, and then 
decomposed with heat to the ary! fluoride [105]. Heterocyclic fluorene com- 
pounds can also be prepared in an analogous fashion [106]. Fluorophenols 
and acid are best obtained by starting with the cthers and esters [105]. 

An improved fluorination of aromatic compounds involves the decomposi- 
tion of the diazonium hexafluorophosphate [107]. 


3-3. Schiemann Reaction—Preparation of 3,5-Dimethyl-2-fluoro-I-bromo- 
henzene |108| 


Br Br 
_NHa LUN 
+ NaNO, + HCl —> + HBF, —> 
cH, ‘CH, CH, CH, 
Br Br 
N,* BF,” F 
Cr os + BF, + Na (42) 
ra ™~ 
CHy CH, CH, CHs 


Tn a 300 ml beaker containing 20 ml of concentrated hydrochloric acid is 
suspended 5 gm (0,025 mole) of 3,5-dimethyl-2-amino-|-bromobenzene, 
The mixture is cooled to 0 C. The amine is diazotized by adding a slight 
excess of a saturated nitrite solution, the end point being determined by 
Potassium iodide starch test paper. The mixture is then filtered and to the 
filtrate is added 27.6 gm of a hydrofluoroboric acid solution prepared from 
20 gm of 48%, hydrofluoric acid and 7.6 gm of boric acid. The diazonium 
tetrafluoride precipitates as white needles in the amount 4.5 gm (60%,). The 
latter salt is placed in a distilling flask and heated to 170°C at which point 
decomposition starts. The liberated BF, is caught in a NaOH trap. After all 
the BF, is eliminated, water is added to the flask and the product is steam- 
distilled. Redistillation yields 3.0 gm (100%) of 3,5-dimethyl-2-fluoro-1- 
bromobenzene, b.p, 87°-89°C (11 mm), #2° 1.3100. 
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In a related manner diazoketoncs can be decomposed in the presence of 
halogen acids to give halomethyl alkyl [109], aryl [110], or heterocyclic 
ketones [111]. 

The diazoketones are obtained from the acy! halide and diazomethane 
[112]. 

Ethers are cleaved by halogen acids to alcohols and alkyl halides. The 
Ziesel method is based on the hydrogen iodide cleavage of methoxy groups to 
give methyl iodide. Reacting Grignard reagents with chloromethyl methyl 
ether and cleaving with halogen halide is used to increase the carbon chain of 
an alkyl halide [113]. 

A convenient cleavage reagent employs orthophosphoric acid and potas- 
sium iodide [114], 

Tetrahydrofuran [115] and tetrahydropyran [116] are cleaved to give 1,4- 
and 1,5-diahlo derivatives, respectively. With tetrahydrofuran and hydro- 
chloric acid the presence of zinc chloride catalyst drives the reaction to 
completion [115]. 


B. The Hunsdiecker Reaction 
RCOOAg + Xz —> RX + COz + AgX (43) 


Silver carboxylates react with chlorine or bromine to give carbon dioxide, 
silver halide, and an alkyl halide with one less carbon atom than the acid [117— 
120]. Aromatic silver carboxylates react in a similar fashion but nuclear 
halogenation is a competing side reaction [121]. The yields of alkyl halides 
obtained when employing this reaction are satisfactory. For example, methyl 
5-bromovalerate is obtained in 65-68% yield [122]. 


Br 
CHs00C(CH;)«COOH + AgNO, —> CHs0sC(CH,)<COOAg — > 
CH,O2C(CH:)sCHsBr (44) 


A general method for the synthesis of perfiuoroalkyl iodides and diiodides 
by the reaction of iodine on the corresponding silver perfluoro fatty acid salt 
has been described [122a]. 

The yields of halides from substituted aromatic carboxylic acid increases as 
the electron-withdrawing capacity of the substituent increases. For example, 
benzoic acid yields 18% bromobenzene whereas o-nitrobenzoic acid yields 
95%, o-nitrobromobenzene [123]. 

Recently [124] a modified Hunsdiecker reaction was reported where the 
free acid and red mercuric oxide was found to be more effective than using 
the acid chloride and silver oxide. The method is also much simpler than the 
original Hunsdiecker method in that it does not require the preparation of the 
dry silver salt. 
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3-4. Preparation of p-Nitrobromobenzene [123] 


on{_\-coors + Brg —> ont \ Br + CO, + AgBr (45) 


To a flask containing 34 gm (0.125 mole) of silver p-nitrobenzoate sus- 
pended in 500 ml of carbon tetrachloride is added dropwise 20 gm (0.125 mole) 
of bromine at room temperature. There is no visible reaction at room tempera- 
ture. The deep red solution is then refluxed for 3 hr, at which time the color 
gradually fades. The hot solution is filtered and the filtrate is washed with 
sodium bisulfite and sodium bicarbonate solutions. Evaporation of the carbon 
tetrachloride yields 20 gm (79%) of crystals, m.p. 126°-127 C. Acidification 
of the sodium bicarbonate extract yields 2 gm (10°) of recovered p-nitro- 
benzoic acid. 


3-5, Modified Hunsdieker Reaction—Preparation of 1-Bromohexane from 
Heptanoie Acid (124) 
CH (CH2z)s>COOH + HgO + Bre (CCl) —> CH,(CH2),CH,Br + CO, + HBr (46) 


To a flask containing a stirred solution of 13.0 gm (0.1 mole) of heptanoic 
acid and 22 gm (0.0945 mole) of red mercuric oxide in 150 ml of dry carbon 
tetrachloride is slowly added dropwise a solution of 16 gm (0.1 mole) of 
bromine in 50 ml of carbon tetrachloride. The mixture is refluxed for 1 br 
and filtered. The filtrate is washed with 5%, sodium hydroxide solution, 
washed with water, dried over magnesium sulfate, and fractionally distilled to 
yield 6.0 gm (36%) of 1-bromohexane, b.p. 150°~159°C, n3* 1.4470. 


4, MISCELLANEOUS METHODS 


(1) The chlorination of aryl aldehydes yielding aryl acid chlorides [125]. 

(2) N-Halogenation of amines [126]. 

(3) N-Halogenation of amides and imides [127]. 

(4) Preparation of halohydrins by the addition of hydrogen halide to 
epoxides [128]. 

(5) Reduction of polyhalides to lower halide derivatives [129]. 

° Chloroformylation of phenylacetylencs to &-chiorocinnamic aldehydes 
[130]. 

(7) Addition of fluorine to halogenated olefins with CoF, [131]. 

(8) Direct fluorination of 1,1-diphenylethylenc with PbF, [132]. 

(9) The fluorination of bromofluoroethancs with bromine trifluoride in 
bromine solution [133]. 
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(10) The halogenation of accnaphthene derivatives [134]. 

(11) The reaction of triphenylphosphine, carbon tetrachloride, and alco- 
hols. A new synthesis of alkyl chlorides (under neutral conditions) {135]. 

(12) The preparation of ary! and aiky! halides using triphenyiphosphine 
and a halogen [136, 137]. 

(13) Reaction of iodine isocyanate with dienes and acetylenes [138]. 
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1, INTRODUCTION 


The laboratory preparations of aldehydes involve oxidation, reduction, 
condensation, and elimination reactions. 

The oxidation of primary alcohols using chromic acid, manganese dioxide, 
etc., gives aldehydes in good yields. Allylic alcohols are readily oxidized at 
room temperature with active manganese dioxide. 

Olefins, alkyl groups (Etard réaction), and alkyl halides (Sommelet reac- 
tion) may also be oxidized to aldehydes. Acetylenes can be converted to tri- 
vinylboranes which in turn are easily oxidized to aldehydes. 

Several reduction methods are available to convert nitriles (Stephen reac- 
tion) or acyl chlorides (Rosenmund reduction), or amides to aldehydes. The 
recent use of lithium aluminum hydride at low temperatures or lithium tri- 
ethoxyaluminum hydride appears to be a more effective means of reduction 
than stannous chloride-HCl used in the Stephen method or palladium and 
hydrogen used in the Rosenmund reduction. 

The Gattermann condensation reaction and its recent modifications, the 
Vilsmeier reaction as well as the use of modified Friedel-Crafts and Grignard 
reactions offer useful methods for the laboratory synthesis of aromatic and 
heterocyclic aldehydes. 

The Darzens reaction and the McFadyen-Stevens reaction are also useful 
aldehyde syntheses involving elimination reactions. 

Since aldehydes are usually highly reactive compounds, these preparations 
should be carried out under conditions which will reduce product losses by 
further reactions (such as oxidation to carboxylic acids). 


2, OXIDATION REACTIONS 


A. Oxidation of Primary Alcohols 


Primary alcohols are oxidized in a controlled manner with a mixture of 
sulfuric and chromic acid to give aldehydes. For low molecular weight alco- 
hols [1] an aqueous medium is suitable. Aqueous acetic acid is used as a sol- 
vent for the oxidation of arylalkyl alcohols [2]. Olefinic aldehydes are also 
prepared by oxidation at 5°-20°C in good yields [3]. Active manganese di- 
oxide is used to oxidize allylic alcohols to aldehydes in good yields at room 
temperature [4, 5]. Chromic oxide in sulfuric acid has been used to oxidize 
propargyl alcohol to propiolaldehyde in 35-41% yield [6]. 


2-1. Preparation of Propionaldehyde [7] 
CH,CH,CH,OH + K,Cr,0, + HzSO, —> CH;CH,CH=O r¢}) 
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To a well-stirred mixture of 100 gm (1.66 mole) of boiling isopropanol is 
added dropwise a solution of 164 gm (0.55 mole) of potassium dichromate 
and 120 ml of concentrated sulfuric acid in I liter of water. The addition 
takes 30 min and the aldehyde distills off as it is formed. The propionaldehyde 
is redistilled to yield 44-47 gm (45-49%), b.p. 48°-55°C, 12° 1.3636. 


2-2, Preparation of Acrolein by Oxidation of Allyl. Alcohol. with Manganese 
Dioxide [8} 


CH;=CH—CH20H + MnO; —> CH,—=CH—CHO (2) 


To a flask containing 2 gm (0.034 mole) of allyl alcoho! is added a suspen- 
sion of 20 gm (0.219 mole) of commercial manganese dioxide in 100 ml of 
petroleum ether (b.p. 40°-60°C). The mixture is stirred for + hr. The mixture 
is quickly filtered with suction and the precipitate is washed with fresh solvent. 
The combined filtrates are concentrated and distilled to afford a 60% yield of 
acrolein, isolated as the 2,4-dinitrophenylhydrazone, 4.7 gm, m.p. 165°C. 
Similarly cinnamy] alcohol is converted to cinnamaldehyde in 75%, yield. 


Active manganese dioxide gives better results. This reagent may be pre- 
pared from manganese sulfate. Manganese sulfate, 111.0 gm (0.482 mole, 
tetrahydrate) in 1.5 liters of water and 1170 ml of a 40% sodium hydroxide 
solution are added simultaneously over a period of | hr toa hot stirred solu- 
tion of 960 gm (5.91 mole) of potassium permanganate in 6 liters of water. 
After 1 hr the precipitate of brown manganese dioxide is filtered, washed with 
water until the wash water is colorless, dried at 100°-120°C, and ground into 
a fine powder to give 920 gm. 

The 2,4-dinitrophenythydrazine (2,4-DNPH) solution (Brady’s reagent) is 
prepared from 8 gm of 2,4-DNPH, 16 ml of concentrated H.SQ,, and 200 ml 
of methanol. 


The Oppenauer reaction [9] is used for the conversion of aliphatic and aro- 
matic alcohols to aldehydes. High-boiling aldehydes, aluminum alkoxide, 
and the alcohol of interest are mixed. The alcohol yields a volatile aldehyde 
which is removed. Examples of alcohols subjected to the reaction are benzyl 
alcohol and n-butyl alcohol, which give the aldehydes in good yields [10, 11]. 
A modified Oppenauer oxidation has been reported in which the aluminum 
alkoxide is replaced by the base potassium fert-butoxide, and the reaction is 
carried out in the presence of benzoquinone or benzophenone hydrogen 
acceptors [12]. The modified procedure is especially useful for compounds 
containing basic nitrogen atoms, as in the alkaloid series. 

Recently it has been reported that aryl carbinols are oxidized in good yield 
in dimethyl sulfoxide and air to the aldehydes. This reaction is also applicable 
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to allylic and aliphatic alcohols [13]. Carbodiimides in dimethyl sulfoxide— 
phosphoric acid have also been reported to be effective oxidants [14]. 

Other oxidizing agents such as cupric acetate [15], selenium dioxide [16, 17), 
nitric acid [18], and nitrogen tetroxide [19] have been used in more specialized 
preparations. 


2-3. Preparation of 2-( 'N,N-Dimethylamino)-5-methylbenzaldehyde by a Modi- 


fied. Oppenauer Oxidation [20] 
CH; fe) 
CH,OH + KOC(CHs): + O ee 
N(CH)a o 
CHs CH, 
CH=O + 3) 
N(CH3)2 N(CHs)2 
40%, 35%, 


Toa flask containing 400 ml of tert-butanol is added 20 gm (0.51 gm atoms) 
of potassium and after completely reacting, the excess of fert-butanol is re- 
moved under reduced pressure. To the potassium fert-butoxide is then added 
2 liters of dry benzene, 260 gm (2.4 mole) of benzophenone, and 33 gm (0.20 
mole) of 2-(N,N-dimethylamino)-5-methylbenzyl alcohol. The mixture is re- 
fluxed for 23 hr under a nitrogen atmosphere, extracted with a solution of 
hydrochloric acid (150 ml concentrated acid and 500 ml of water), and the 
extract is made alkaline. The latter is extracted three times with 100 ml each 
of ether and the combined ether extracts are concentrated under reduced 
Pressure to give a residue which, upon distillation, gives 9.5 gm (35%) of 
N,N-dimethyl-p-toluidine, b.p., 90°-97°C (12-15 mm) and 14.0 gm (40%) 
of the yellow aldehyde, b.p. 138°-142°C (16 mm). 


B, Oxidation of Glycols 


Peracetic acid [21] and lead tetraacetate [22] are useful where glycols are 
involved, Oxidative cleavage to two aldehydes occurs and the reaction is use- 
ful both as a preparative and analytical method. The method of Grundmann 
[23, 24] involves as its final step the lead tetraacetate cleavage of a glycol to an 
aldehyde containing the same number of carbon atoms as in the starting 
material, 
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iN; 3 
Rcoci “=, rcocun, SHS, Rcocu,ococ, “> 


RCH—CH FROMM, 2 RCH=0 + CH.=0 
OH OH 
2-4. Preparation of Adipaldehyde Using Lead Tetraacetate [22] 


OH 
(or + Pb(OAc), —> CH=0 (5) 
‘OH CHO 


To a flask containing 20 gm (0.17 mole) of 1,2-cyclohexanediol dissolved 
in 200 ml of dry benzene is added 50 gin of anhydrous potassium carbonate. 
While the flask is vigorously stirred, 76 gm (0.1 mole) of lead tetraacetate is 
added in 5 gm portions over a period of 1 hr. A nitrogen atmosphere is main- 
tained throughout this preparation. The mixture is stirred an additional hour, 
filtered, and the salts extracted with benzene. The combined filtrates are dried, 
concentrated, and the residue is distilled under reduced pressure to yield 
13.4 gm (68%) of colorless adipaldehyde, b.p. 68°-70°C (3 mm), nj? 1.4350. 

The cleavage of di-n-butyl tartrate by lead tetraacetate to n-butyl glyoxalate 
in 77-87%, yield has recently been described [24a]. 

The condensation of chloral with certain hydrocarbons gives a trichloro- 
methyl carbinol which can be oxidized to the aldehyde [25]. 


@ 


ArCHs + ClhC—CH=0 2%, ArCHs—CHCCL ©, arcHa—CH=0 6) 
OH 


C. Oxidation of Olefins and Acetylenes 


Olefins are readily ozonized, and upon decomposition of the ozonides, alde- 
hydes are obtained [26]. Cyclic olefins give dialdehydes when they are 
ozonized [27]. 

Ozonolysis of vinylpyridine and its derivatives gives pyridine aldehydes 
(28). 

Oxidation of vinyl sulfides with oxygen gives aldehydes in fair yields [29]. 

Reaction of terminal acetylenes with sodium borohydride and boron tri- 
fluoride yields trivinylboranes, which upon oxidation with alkaline hydrogen 
peroxide yield aldehydes in good yields [30, 31]. 


2-5, Preparation of n-Octaldehyde from 1-Octyne [30] 
CHs CHs 
cu,—cn—c—cu + NaBH, + BF; —> (cH,CH_G-CH))sB Mm 
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CH, 
(CH—cH-C_CHo.B + 3 CgHysC=CH —> (CsHisCH=CH—)aB es 


[C.His—CH=CHOH] —> CsHisCHzCH=O (8). 


A three-necked flask containing 33.6 gm (0.48 mole) of 2-methyl-2-butene 
in 180 ml of a 1.00 M solution of sodium borohydride in diglyme is placed in 
an ice bath while 34.1 gm (0.24 mole) of boron trifluoride etherate is added 
dropwise to the reaction mixture. The flask is allowed to remain at 0°C for 
2 hr and then it is placed in an ice-salt water bath. To the disiamylborane in 
the flask is added at a rapid rate 22.0 gm (0.200 mole) of 1-octyne in 20 ml of 
diglyme while maintaining the reaction temperature below 10°C. The reaction 
mixture is warmed to room temperature and then oxidized at 0°C with 150 ml 
of a 15% solution of hydrogen peroxide while maintaining the pH at 7-8 with 
3N sodium hydroxide. 

After the oxidation, the reaction mixture is neutralized and steam-distilled. 
The distillate is ether-extracted, dried, and distilled to yield 18 gm (70%) of 
n-octaldehyde, b.p, 83°-85°C (33 mm), 9° 1.4217. 


D. Oxidation of Alkyl Groups 


Aromatic alkyl groups are readily oxidized by chromium trioxide in acetic 
anhydride to crystalline diacetates which are hydrolyzed in fair yield to the 
corresponding aldehyde (32, 33]. The diacetates are stable toward further 
oxidation. Nitro, halo, and cyano groups do not interfere. o-Nitrotoluene is 
oxidized in 74%, yield to o-nitrobenzaldehyde [33]. 

Manganese dioxide in 65% sulfuric acid is an effective oxidant [34]. 

The Etard reaction employing chromy! chloride in chloroform gives vari- 
able yields and the reagent should be handled carefully [35]. Fast removal of 
the aldehyde by solvent extraction is required in order to avoid further oxida- 
tion to the acid. 

Selenium dioxide [36] or copper nitrate [37] have been used to oxidize benzyl 
halides directly. Selenium dioxide can also oxidize methy] ketones to glyoxals 
Bs]. 

Oxidation of haloalkyl groups can be effectively carried out at room tem- 
perature in dimethyl sulfoxide to give aldehydes in good yields [39-41]. The 
reaction has recently been applied to the heterocyclic series [40]. 

The Sommelet reaction [42] of benzyl halides involves the reaction of 
hexamethylenetetramine at the boiling point of 607, ethanol or 50%, acetic 
acid [43] to yield benzaldehyde in good yields. Steric hindrance of the chloro- 
methyl group causes the reaction to fail. The reaction is also applicable to 
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heterocycles such as 2-chloromethylthiophene to yield 2-thiophenealdehyde 
in 48-537, yield [44]. Recently 3-thiophencaldehyde has been prepared in 
54-727, yield using the Sommelet reaction [45]. 


2-6. Preparation of Heptaldehyde by the Dimethyl Sulfoxide Oxidation of 
Heptyl Tosylate [41] 


CH,(CH,)—080, {< \, RNEB.* CHACH,)e—CH—O (707) (9) 


To a flask protected from light, containing 11 gm (0.0394 mole) of silver 
tosylate in 100 ml of acetonitrile at 0°-5°C is added 7.0 gm (0.0309 mole) of 
1-iodoheptane. The product is allowed to come to room temperature over- 
night, added to ice water, and then extracted with ether. The dried ether solu- 
tion is concentrated under reduced pressure to yield an oily residue which is 
added to a flask containing 150 ml of dimethy] sulfoxide and 20 gm of sodium 
bicarbonate at 150°C. Nitrogen is bubbled through the mixture. After 3 min 
at 150°C the reaction mixture is cooled rapidly to room temperature and the 
product, 6.9 gm (70%), is isolated as the 2,4-dinitrophenylhydrazine, m.p. 
106°-107°C. For benzyl halides the same procedure is used except that the 
tosylate is heated for 5 min at 100°C in the dimethyl sulfoxide-sodium bi- 
carbonate mixture. For example, p-methylbenzyl bromide gives a 65% yield 
of p-tolualdehyde. 


2-7. Preparation of 3-Thiophenealdehyde by the Sommelet Reaction [42] 


CH,Br CH==O0 
a) | «10) 
s S 


To a flask containing a solution of 114 gm (0.645 mole) of 3-bromomethyl- 
thiophene in 200 ml of chloroform is added 90 gm (0.642 mole) of hexamethy]- 
enetetramine, The mixture is refluxed for 1 hr, cooled, and the resulting salt 
is filtered off. The latter is washed with ether to yield 150 gm (737), mp. 
120°-150°C (from ethanol). The salt (150 gm) is dissolved in } liter of hot 
water and rapidly steam-distilled until 1 liter of distillate is collected. The 
distillate is acidified, extracted with ether (three 100 ml portions), dried, con- 
centrated, and distilled at atmospheric pressure to yield 35.8 gm (507,) of 
3-thiophenealdehyde, b.p. 195°-199°C (744 mm), m3? 1.5860. 


152 7. Aldehydes 


3. REDUCTION REACTIONS 


Aldehydes can be prepared in good yield by reducing nitriles or derivatives 
of acids such as acid chlorides, amides, or esters. The latter derivatives pro- 
vide an overall method for reducing carboxylic acids to aldehydes. 


A. Reduction of Nitriies 


Nitriies can be reduced to the intermediate imine which upon hydrolysis 
gives the aldehyde in good yield. Reducing agents that are commonly used are 
stannous chloride-hydrochloric acid (Stephen Method) [46-48], lithium 
aluminum hydride (47, lithium triethoxyaluminum hydride [49, 50], Raney 
nickel and semicarbazide [51], nickel and hydrogen [52, 53], diisobutylalu- 
minum hydride [54, 55], and sodium amalgam and phenylhydrazine [56]. The 
latter reagent yields a phenylhydrazone, which gives the aldehyde upon 
hydrolysis. 

Stannous chloride-HCl, LiAIH,, and Li(OC,H;,)3AIH are easily accessible 
for laboratory synthetic problems. The latter two have recently been shown 
to be effective reducing agents for nitriles, giving high yields of aldehydes on 
hydrolysis of the aldimine intermediate. 

The Stephen method involves the addition of the nitrile to an ether solution 
of stannous chloride saturated with hydrogen chloride. The nitriie is con- 
verted to an imino chloride, which is further reduced to an aldimine and then 
hydrolyzed to an aldehyde. 


ct 


I SnCi,+HCl 
RCN + HCl —> RC=NH ETE, RcHann @ rcH-0 (11) 


Aromatic nitriles [57] give excellent yields of aldehydes. However, the yields 
are quite variable from aliphatic nitriies. The reaction has not been success- 
fully applied to many heterocyclic nitrile systems, For example, the reaction 
failed to give any aldehyde with 4-pyridinecarbonitrile [58]. 


3-1. Preparation of n-Octaldehyde hy the Stephen Method [46] 
CoHisCHsCN + SnCly + 3 HCl —> CeHi;CHa~CH=NH-HCI + sncl, 
H,0 

CeHisCH,CH=O (12) 
To a flask is added 57 gm (0.30 mole) of stannous chloride and 200 ml of 
dry ether. The mixture is saturated with dry hydrogen chloride until it separ- 
ates into two layers. The lower layer consists of stannous chloride dissolved 
in ethereal hydrogen chloride. Octanenitrile, 25 gm (0.18 mole), is added drop- 
wise with vigorous stirring and after a few minutes the aldimine stannichloride 
begins to separate out of solution. The reduction is substantially completed 


§ 3. Reduction Reactions 153 


after 2 hr. The aldehyde is formed by hydrolysis of the aldimine complex with 
warm water and isolated by steam distillation or extraction with ether. The 
aldehyde is redistilled to yield a colorless liquid, b.p. 65°C (11 mm). 


Lithium triethoxyaluminum hydride [50] has the advantage over the Stephen 
method in that it reduces aromatic as well as aliphatic nitriles, the latter giving 
yields of approximately 70-90%. Some representative results of reductions 
of nitriles to aldehydes are cyclopropanecarbonitrile (69%), n-butyronitrile 
(69%), p-chlorobenzonitrile (92%), benzonitrile (96%, ), and capronitrile (69%). 


Lithium aluminum hydride (LiAIH,) also appears to have wide applica- 
bility in the reduction of nitriles to aldehydes. The ready availability of the re- 
agent makes its use an attractive method [59, 60). The method has been applied 
to the reduction of y-dimethylamino-c,«-dipheny!valeronitrile to the aldehyde 
in 82%, yield [61]. In addition m-hydroxybenzonitrile is reduced by LiA!H, at 
0°C in an ether solution to the aldimine lithium aluminum salt. The latter is 
decomposed with excess dilute hydrochloric acid. The ether layer is separated, 
dried, evaporated, and the residue recrystallized from an alcoho!-H,O solu- 
tion to yield 100% m-hydroxybenzaldehyde [60.] Amides are reduced in a 
similar fashion. 


3-2. Preparation of Pivalaldehyde by the Reduction of Trimethylacetonitrile 
with Lithium Triethoxyaluminum Hydride {50} 


(CHs)eC—CN + Li(CzHs0),AIH —> [(CHa)xSC—CH=NIAI(OCLHy)s => 
(CHs)sC—CH=O (13) 


In a 1 liter flask equipped with a stirrer, condenser, dropping funnel, and 
thermometer is placed 10.2 gm (0.3 mole) of fithium aluminum hydride in 
300 ml of ether. The flask contains a nitrogen atmosphere throughout the 
reaction period. To the stirred solution is added 39.6 gm (0.45 mole) of ethyl 
acetate over a period of 1} hr at 3°-7°C. The reaction mixture is stirred for an 
additional 4 hr and then 24.9 gm (0.30 mole) of trimethylacetonitrile is added 
over a period of 5 min. The temperature rises to 10°C, with the formation of a 
highly viscous solution. The reaction mixture is stirred for 1 hr at 0°C and 
then the solution is decomposed cautiously with 300 ml of 5 N H,SO,. The 
ether layer is separated and the water layer is extracted three times with 50 ml 
portions of ether. The ether extracts are washed with saturated sodium bi- 
carbonate solution followed by eight washings with 30 ml portions of cold 
water in order to remove ethanol. The ether extracts are dried over sodium 
sulfate and distilled to yield 25.8 gm (74%) of pivalaldehyde, b.p. 70°-72.5°C 
(747 mm), n3? 1.3794. 
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B, Reduction of Other Acid Derivatives 


° 
rz ™, ren=o a4) 


The low-temperature reduction of acids, esters, lactones, lactams, and 
amides to aldehydes in fair yields has been reviewed [24]. Carboxylic acids 
can be reduced by lithium in ethylamine to aldehydes [62]. Acid chlorides can 
be reduced to aldehydes by one of several methods. 

The Rosenmund reduction [63] of acid chlorides involves bubbling hydro- 
gen through a warm xylene solution containing a 5%, palladium suspended on 
barium sulfate catalyst. Careful control of the temperature is required in order 
to avoid reduction of the aldehyde. Acyl halides with nitro, halo, ester, or 
olefinic substituents do not interfere, however hydroxyl groups need to be 
acylated before starting the reduction. 

A more convenient method of reducing aromatic acid chlorides to alde- 
hydes in 70-90%, yields has recently been demonstrated to involve the use of 
lithium tri-tert-butoxyaluminum hydride [64-66]. However, aliphatic acid 
chlorides gave yields of only 40-60%. Brown [67] has been able to produce 
aliphatic aldehydes in up to 88% by starting with 1-acylaziridines and reduc- 
ing them with lithium aluminum hydride [67]. It was further shown that the 
l-acylaziridine need not be isolated but could be prepared in solution by 
adding the acid chloride to an equimolar mixture of triethylamine and ethyl- 
enimine, separating the precipitated triethylammonium chloride, and then 
adding to the solution lithium aluminum hydride, 


3-3. Preparation of Cyclopropanecarboxaldehyde by the LiAlH, Reduction 
of 1-Acylaziridine [67] 


CHs—CH, + CH—CHs > CHz—CH, "4 CHy—CHa + CHa—CHa (15) 
a A \Yv 
CH CH, N 
é bon’| 7 
‘OCl O—N 'H=0 
Ha 


To a flask containing a stirred solution of 17.5 gm (0.40 mole) of ethylen- 
imine and 40 gm (0.40 mole) ofi triethylamine in 200 ml of ether at 0°C (ice- 
salt bath) is added dropwise 42.2 gm (0.40 mole) of cyclopropanecarbonyl 
chloride over a period of 1 hr. After another 4 hr the precipitated triethyl- 
aminehydrochloride is filtered off and washed with 100 ml of ether. The com- 
bined ether layer is cooled to 0°C and 80 ml of 1.25 M LiAIH, in ether is 
added dropwise over a period of 4 hr. After an hour a cold 5 N sulfuric acid 
is added cautiously in order to neutralize the reaction mixture. The ether is 
separated and the aqueous layer is extracted with ether. The combined ether 
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layer is washed with water, sodium bicarbonate, water again, dried, and 
distilled to yield 16.8 gm (60%) of cyclopropanecarboxaldehyde, b.p. 97°- 
100°C (740 mm), 72° 1.4302. 


The controlled reduction of amides and tertiary amides with lithium alu- 
minum hydride followed by hydrolysis yields aldehydes, The following types 
of amides have been utilized in the latter reductions: N-acylcarbazoles [68], 
N-methylanilides [69], and carboxylpiperidines [70]. The latter two gave 
60-907, and 80%, yields of aldehydes, respectively. 

The N-methylanilides are obtained by condensing methylphenylcarbamy] 
chloride with aromatic hydrocarbons in the presence of aluminum chloride 
[69]. 


° ° 
| 
acd + ON Ar 2% act ar SAS AcH=O + ArNH—CHs (16 


The partial reduction of 1-acy]-3,5-dimethylpyrazoles also gives aldehydes 
[71]. Using ordinary conditions, i.e., with an excess of reducing agent present, 
tertiary amides are reduced to tertiary amines by lithium aluminum hydride 
[72]. 


C. Miscellaneous Reducing Agents 


The use of sodium diisobutylaluminum dihydride has been reported td be 
effective in the reduction of esters, ethers, lactones, nitriles, and amides to 
aldehydes [73]. 

Sodium trimethoxyborohydride has also been used to reduce acid chlorides 
to aldehydes by carrying out the reaction at — 80°C in tetrahydrofuran [74]. 


The Sonn-Miiller [24, 75] method can be considered a reduction method 
since an acid anilide is first converted to an imido chloride which is then re- 
duced and hydrolyzed to give an aldehyde. 


RCONHC.H 7% RC=N—CoH, 2B Ro=NGH, 2 RcH=O 7 


Aldehydes are obtained in good yields from aromatic anilides [76] which do 
not contain other substituents that can be effected by phosphorus penta- 
chloride. The method is not applicable to simple aliphatic anilides but «,f- 
unsaturated anilides give fair yields of aldehydes. The method has not been 
applied successfully to heterocyclic systems [77] but further work in this area 
temains to be done. 
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4, CONDENSATION REACTIONS 


The condensation reactions used to prepare precursors for aldehydes in- 
volve the Friedel-Crafts or Grignard reaction. Hydrolysis of these products 
yield the aldehydes. 

The Friedel-Crafts reaction involves the reaction of a formyl derivative 
with aluminum chloride as shown in Eq. (18). 


x x 
an +c-0-R — rer 2 arcH=0 (18) 


where X = oxygen, NH, or Cl, and R = H, N-methylanilide, -OCH;, or 
SCHs groups. Thus reagents for the Gattermann [78], Gattermann—Koch [79], 
Weygand [69], and Rieche [80, 81] reactions can be described as, respectively, 


oO NH 
| 
on, odin, Chat NCHICaHe ClhCHOCHs, or ClhCHCHs 


Olah and Kuhn [82] recently prepared formyl] fluoride and found that it 
condensed with aromatic hydrocarbons in the presence of boron trifluoride to 
give aldehydes in 56-78%, yields [Eq. (19)]. 


° 
I BF, 
ArH + ped — > ArCH=-O + HBF, (19) 


The Vilsmeier-Haack [83] reaction involves a related condensation of 
(CHg)gN--CHO and derivatives with aromatic or heterocyclic compounds 
in the presence of POCI, to give good yields of aldehydes in the aromatic 
and heterocyclic series, 

The Gattermann [78] synthesis employing zinc cyanide in one of its modifi- 
cations is more suitable for laboratory synthetic problems since it avoids the 
use of liquid hydrogen cyanide or carbon monoxide (Gattermann—Koch 
reaction). The latter reaction is not suitable for formylating phenols or their 
ethers, as is true for the Gattermann reaction. 

In the original Gattermann synthesis one employs liquid hydrogen cyanide ' 
and hydrochloric acid catalyzed by zine chloride to react with aromatic 
hydrocarbons to yield an aldimine hydrochloride, One obtains the aldehyde 
on hydrolysis. 

Adams [84, 85] has modified the procedure by using zinc cyanide containing 
a trace of potassium chloride [86]. The synthesis of mesitaldehyde (2,4,6-tri- 
methylbenzaldehyde) in 75-817, yields has been reported to be effected using 
zinc cyanide and mesitylene [87]. The use of NaCN gives poor yields [88]. 
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HCN + HCl + ZnCl, 
ArH ——_~——___-+ ArCH=0 (20) 


or ZnCN, + HCI 

Since these syntheses utilize cyanides careful attention to the toxicity 
hazards of cyanides [HCN or Zn(CN),] should be kept in mind. See the chap- 
ter on Nitriles. The reaction should be carried out in a well-ventilated hood 
and the experimentalist should be provided with rubber gloves and a gas 
mask. 


4-1, Preparation of Resorcylaldehyde by the Modified. Gattermann Synthesis 
[84] 


OH OH 


1, HCL 
Zn(CN)a 21 
ou * 210 OH es 


CH=—O 

To a flask equipped with a stirrer (mercury seal or ground glass), reflux 
condenser, gas inlet tube (with a large bore to prevent clogging), a safety trap 
for the hydrogen chloride, and an exit tube for the hydrogen chloride leading 
from the top of the condenser to a trap which is connected to an inverted 
funnel placed over sodium hydroxide solution, is added 20 gm (0.182 mole) 
of resorcinol in 200 ml of dry ether. Dry zinc cyanide, 32.1 gm (0.273 mole), 
is added and while stirring the hydrogen chloride gas is bubbled in rapidly. 
The zinc cyanide dissolves and the solution becomes milky. The product be- 
gins to separate as an oil which hardens after 10-30 min. After 14 hr the HCI 
gas is passed in more slowly for another } hr. The ether is then decanted and 
100 ml of: water is added to the imide hydrochloride. The mixture is slowly 
heated to the boiling point, filtered, and the filtrate cooled. The solid is filtered 
to give about a 50% yield. Upon allowing the second filtrate to stand for an 
additional 10-15 hr another 45%, yield of product is obtained. The total yield 
is 23.9 gm (95%) ofi resorcylaldehyde, m.p. 135°-136°C. The product is re- 
crystallized from water using decolorizing charcoal to give a colorless product. 

A similar method has recently been reported to be effective in giving good 
yields of alkylated resorcylaldehydes [89]. 


oH OH 
CHs CH, 
+ Zn(CNyp +ESS™ > @ 
‘OH 4g ‘OH 
20g + 200 ml CH=o 
Mop. 119°=120°C ether 0%, 


158 7. Aldehydes 


4-2. Preparation of Tolualdehyde by the Formylation of Toluene with Formyl 
Fluoride [82] 


° 
¢ \ cH, + He F | (\ a ai (23) 
Cc 


H 
I 


QO 

(a) Preparation of formyl fluoride from formic acid. To a flask containing 
46 gm (1 mole) of anhydrous formic acid is added 60 gm (0.77 mole) ofidry 
potassium hydrogen fluoride. (No exotherm or gas evolution is observed.) 
Benzoyl chloride, 116 ml (141 gm, 1 mole), is added dropwise to the stirred 
mixture, and the mixture is slowly warmed on a steam bath. During the heat- 
ing period formyl fluoride distills off and passes through an ice-salt-cooled 
condenser, and it is collected in a Dry Ice-acetone trap. Formy] fluoride is re- 
distilled to give 17 gm (35.47), b.p. —29°C. 

(b) Preparation of tolualdehyde. To a flask cooled at —30° to — 70°C and 
containing 92 gm (1 mole) of toluene is added 24 gm (0.5 mole) of formyl 
fluoride. Boron trifluoride is added to the cold solution to the saturation 
point (0.5 mole). The complex is slowly warmed to room temperature while 
boron trifluoride evolves. The reaction mixture is washed with water, dried 
over calcium chloride, and fractionated to give 90 gm (75%) of ortho and 
para isomer mixture of tolualdehyde, b.p. 197°-205°C, n?° 1.547-1.549. 


The Vilsmeier-Haack formylation reaction has been applied to alkoxy or 
N,N-dimethylamino derivatives of benzene [90], naphthalene [91], stilbene 
[92], naphthols [93], and to activated heterocycles. Dimethylformamide [94] 
has been used as a convenient substitute of N-methylformanilide in the 
formylation of pyrrole [95] (78-79%, yield ofi 2-pyrrolaldehyde), indole [96] 
(indole-3-aldehyde, yield 97%) [97], thiophene [98] (2-thiophenealdehyde, 
yield 71-74%) [99], anthracene [100] and stilbene [92]. 


(CHa)aNCH=0 + POC], —> [(CHs),NCH=0-POCI,] “SS 
APotls 
H,O+CH,COON: 
{Ar—CH -HCl] —————+ Ar—CH=0 (24) 
N(CHs)2 


4-3, Preparation of 3-Formylindole by the Vilsmeier Method [101] 

To a flask containing 16 gm (0.22 mole) of dimethylformamide cooled to 
10°-20°C and protected from moisture is added 5.0 ml (0.055 mole) of phos- 
phorus oxychloride. Indole (5.85 gm, 0.059 mole) in 4 gm oft dimethylforma- 
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mide is then added slowly with stirring at such a rate to keep the temperature 
at 20°-30°C. The mixture is kept at 35°C for 45 min and then it is poured into 
crushed ice. The clear solution is heated at 20°-30°C and 9.5 gm (0.24 mole) 
of sodium hydroxide in 50 ml water is added at such a rate that the solution 
remains acidic until approximately three-fourths of the alkali solution has 
been added. The last quarter is quickly added and the solution is boiled for 
I min. The resulting white crystals are filtered off, washed with five 25 ml 
portions of water, and dried to constant weight at 100°C at 10 mm to yield 
6.93 gm (95.57%), m.p. 197°-199°C. 


9° 
ll | POCIs ao CH=0 
Gul Oune: 
N SS N 
H 


| 
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Another useful method in preparing aldehydes involves Grignard condensa- 
tion reactions, 

The Grignard reagent reacts with ethyl orthoformate to give acetals which 
upon hydrolysis in dilute acid give aldehydes in good yields. The reaction is 
run at room temperature and then refiuxed before hydrolysis [102]. 

Ethyl formate [103], formic acid [104], and dialkylformamides [105] have 
been used to give aldehydes in fair yields. Aryllithium reagents [105] react 
with dialkylformamides and also with N-methylformanilide to give good 
yields of aldehydes. 


H,O* 
RMgxX + HC(OC3Hs)s —» RCH(OC,Hs)2 ——> RCH=O (26) 


[RNCH~O, RCH 
HCOOR RCH=O 


Using ethoxymethyleneaniline in place ofi the formates in the Grignard 
condensation reaction gives an imine which is also easily hydrolyzed to an 
aldehyde [106]. The reaction is an excellent method for the large-scale labora- 
tory preparation of aldehydes in good yields. Ethoxymethyleneaniline is pre- 
pared from the dry silver salt of formanilide and ethyl iodide. 


H,O+ 
C.sH;MgX + CsH;N=CHOC.Hs > CsH;CH=NC.Hs —»> CsHs;CH=O (27) 


A. Miscellaneous Condensation Methods 


The Reimer-Tiemann [107, 108] reaction involves the formylation of phenols 
by heating the phenol and chloroform with an alkaline ethanolic solution for 
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several hours. The mixture is then acidified and the product isolated by re- 
crystallization or steam distillation. The yields are usually below 507, and the 
para isomer predominates [109, 110]. 

ArOH + CHC, N25, Ho—ArcH=0 8) 

An example of this method is the reported preparation of 2-hydroxy-1- 
naphthaldehyde from f-naphthol, chloroform, and sodium hydroxide in 38- 
48%, yields [111]. The Reimer-Tiemann reaction has also been applied to the 
preparation of indole-3-aldehyde [112] and 2-pyrrolaldehyde [113]. 

The Duff [114] reaction involves the heating of a phenolic compound with a 
mixture of glycerol, boric acid, and hexamine at 150°-160°C for about 30 min. 
The aldehyde is obtained on acidification and steam distillation. The reaction 
normally affords low yields. However, since only the ortho isomer is formed 
it has found use in specialty syntheses such as in the flavone series. 


ArOH + (CH:)sN, —> 0—HOArCH=O 29) 


Olefins can be formylated by means of carbon monoxide, hydrogen, and a 
cobalt carbonyl catalyst under pressure [115]. The yields are good, but since 
Pressure equipment and carbon monoxide is involved it has found limited use 
in the laboratory. However, the reaction is the basis of several large-scale 
commercial processes, 


RCH=CH; + CO + Hy “™. RCHsCHsCH=0 0) 
Pressure 
Ketones with an active methylene group can be formylated with ethyl for- 
mate [116-119], Sodium metal is added to a mixture of the ketone and ethyl 
formate in ether to yield keto aldehydes in fair to good yields. Mixtures are 
obtained when an unsymmetrical ketone is used. 


5. ELIMINATION REACTIONS 

Some of the elimination or hydrolysis reactions which produce aldehyde 
are the cleavage of Schiff bases [120], the decarboxylation of a-keto acids 
[121], the decomposition of e-hydroxy acids [122], the hydrolysis of gem- 
dihalides [123-126], the hydrolysis of 2-alkoxy-3,4-dihydro-1,2-pyrans [127], 
the hydrolysis of oximes, semicarbazones, hydrazones, acetals, etc. [128, 129], 
the decomposition of glycol monoalkyl ethers [130], and the Darzens re- 
action [131]. 

Since Schiff bases are usually prepared from aldehydes the most useful 
synthetic methods for preparing aldehydes by elimination reactions are the 
decomposition of e-hydroxy acids, the hydrolysis of gem-dihalides, and the 
decomposition of glycidic esters. 
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The decomposition of «-hydroxy acids is effected at the boiling point at 
reduced pressure. The reaction is particularly suitable for high molecular 
weight aliphatic aldehydes. Heptadecanal is obtained in almost quantitative 
yield [122]. The e-hydroxy acids are obtained by hydrolysis of the correspond- 
ing e-bromo acids. 

The hydrolysis of gem-dihalides by calcium carbonate or sulfuric acid is 
easily effected for benzal halides, Aliphatic halides require much higher 
temperatures. In both cases the aldehydes are obtained in good yield [123]. 
Recently it has been reported that benzal halides upon reaction with four 
moles of morpholine yield a morpholine derivative which undergoes hydroly- 
sis by aqueous hydrochloric acid to mono aldehydes in 82-91% yields [124]. 


Terephthalaldehyde is prepared in 81-84%, yield by the bromination of p- 
xylene to «,0,«’,«’-tetrabromo-p-xylene followed by hydrolysis by aqueous 
sulfuric acid [125]. Similar o-phthalaldehyde is prepared in 71-80%, yield 
from a,c,’ o’-tetrabromo-o-xylene [126]. 

The Darzens glycidic ester synthesis involves the conversion of a ketone 
to an aldehyde with one more carbon atom than the initial ketone [131]. 
Ketones are first condensed with ethyl chloroacetate in the presence of sodium 
amide to give a glycidicester. The glycidic ester is reacted with sodium ethoxide 
and then treated with aqueous acid using gentle reflux to afford the aldehyde 
in low yields [132, 133]. The intermediates need not necessarily be isolated 
[134]. 

Recently [135] a pyrolytic modification of the Darzens glycidic ester-syn- 
thesis of aldehydes was reported in which tert-butyl esters were used and 
yields of 45-63% were obtained. For example o-phenylpropionaldehyde 
(hydrotropaldehyde) is prepared in 63% yield by pyrolysis of tert-butyl 2- 
methyl-2-phenylglycidate. 


Heat 
CyHsCOCH, + CICH,zCOOC(CHy)s —» CeHsC(CHa)—-CHCOOC(CHa)s =, 


CaHsCH—CH=0 + CO, + (CHs)gCH:=CHz (31) 


Hg 
5-1, Preparation of Hydrotropaldehyde by the Darzens Reaction [138] 
CHs CHs : 
1. NaOH, 
Cots —CH—COOC.Hs ee Cot CooH —> 


ns 
CsHsCH—CHO = (32) 


162 7. Aldehydes 


To a flask containing a stirred solution of 274 gm (0.685 mole) of sodium 
hydroxide in 770 ml of water is added 708 gm of ethyl 2-methyl-2-phenyl 
glycidate [133].* The solution is stirred for 8 hr at 45°-50°C and then acidified 
to congo red, The glycidic acid is extracted with benzene and then steam- 
distilled using superheated steam at 180°C. Decarboxylation occurs and the 
aldehyde distills over during a period of about 5 hr. Redistillation ofthe alde- 
hyde gives 268 gm (58%), b.p. 101°-102°C (21-22 mm). 


A. Miscellaneous Elimination Reactions 


The McFadyen-Stevens reaction [24, 136, 137] involves the conversion of 
carboxylic acid derivative to aldehydes by conversion of hydrazides to arylsul- 
fonyl hydrazides and decomposition with sodium carbonate in ethylene glycol 
at 160°C. 

Although the reaction can also be classified as a reduction reaction it is 
included in this section since it involves the elimination of the hydrazide 
group. 

Aromatic aldehydes are prepared in good yields whereas the heterocyclic 
aldehydes are prepared in fair yields. Only recently has the method been suc- 
cessfully applied to the aliphatic series where a 167% yield of cyclopropane 
carboxaldehyde [138] (as-the 2,4-dinitrophenylhydrazone) was obtained. 
However, it has been shown that the McFadyen-Stevens reaction is applicable 
primarily to the preparation of aliphatic aldehydes in which there are no «- 
hydrogen atoms [139]. The failure of the McFadyen-Stevens reduction in 
earlier investigations in the aliphatic series is purported to be due to the in- 
stability of the product under the reaction conditions rather than an inherent 
difference in the reactivity of the starting hydrazides. Short reaction times, of 
the order of 30 sec, are required. For example, N-p-toluenesulfonylapocam- 
phane-1-carbohydrazide yields apocamphane-I-carboxaldehyde in 60%, yield, 
isolated as the 2,4-dinitrophenylhydrazone, when subjected for 30 sec to the 
McFadyen-Stevens reaction conditions [139]. 


5-2. Preparation of Benzaldehyde hy the McFadyen-Stevens Reaction [136] 


CeHyCONHNH, + CeHis80,01 “=, ¢,4,CONHNHSO:CoHi, SY, CyH.CHO 
G3) 
A flask containing 25 ml of pyridine and 4 gm (0.0295 mole) ofi benzhydra- 
zide is placed in an ice bath. The flask is stirred while 5.2 gm (0.0295 mole) of 
benzene sulfonyl chloride is slowly added. After 2 hr the solution is poured 
into a mixture of ice and hydrochloric acid. A pale yellow solid precipitates 
* Ethyl 2-methyl-2-phenyl glycidate [133] can be prepared from acetophenone and 
a oe by condensing with sodamide to give 62-647, yields, b.p. 111°-114°C 
mm). 
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and is filtered off. The solid is washed with dilute hydrochloric acid and water 
and recrystallized from 80 ml of alcohol to yield 7 gm (86%) of colorless 
prismatic needles of 1-benzoyl-2-benzenesulfonylhydrazine, m.p. 192°-194°C 
dec. The 7 gm (0.0236 mole) of 1-benzoyl-2-benzenesulfonylhydrazine is dis- 
solved in 140 gm of ethylene glycol and heated to 160°C while 6 gm (0.056 
mole) of sodium carbonate is added in one portion. A brisk effervescence 
occurs and after 75 sec the reaction is stopped by the addition of hot water. 
(Caution: The reaction vessel should be large enough to accommodate the 
foam produced.) The cooled mixture is extracted with ether several times. 
The dried ethereal extract is distilled to yield 1.8 gm (73%) of benzaldehyde, 
b.p. 177°-178°C, ni}? 1.5463. 


The Krohnke [140] reaction ofi benzyl halides and other active halides in- 
volves the reaction with pyridine and then with p-nitrosodimethylaniline 
followed by acid hydrolysis of the nitrone to the aldehyde. 

CoH .CHAX SS, [C,HsCHaNCoHe}*X~ <SONSENO, 
C\H.CH=NOC.HN(CH.), "> CHsCH=0 (34) 


By this means benzyl halides may be converted to aromatic aldehydes in 
good yields [141]. 

The thermal decarboxylation of mixtures of formic acid and other carboxy- 
lic acids over thorium oxide catalyst at 300°C gives [142, 143] aliphatic or 
aromatic [144] aldehydes in good to excellent yields. Titanium dioxide and 
magnesium oxide have also been used as catalysts. Aliphatic acids yield alde- 
hydes when more than seven carbon atoms are present and the yields improve 
with increasing molecular weight. 


6. MISCELLANEOUS REACTIONS 


(1) The reaction ofi benzyl halides and sodium-2-propanenitronate to 
yield aldehydes [145, 146]. 

(2) Formylation of sodium acetylide with formates [147]. 

(3) Karrer synthesis of aldehydes [148]. 

(4) Isomerization of allyl alcohols [149]. 

(5) Hydrolysis of olefin 1,2-dibromides [150]. 

(6) Hydrolysis of amides and azides [151-153]. 

(7) Hydrolysis ofi aci-nitroparaffins [154]. 

(8) Grignard condensation of ethyl ethoxyacetate or ethylphenoxy ace- 
tate followed by acid hydrolysis [155]. 

(9) Oxidation of benzhydrazides with potassium ferricyanide in ammon- 
ium hydroxide [156]. 
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(10) Desulfurization with Raney nickel [157]. 

(11) Decomposition of Reissert compounds [158]. 

(12) Cleavage of p-dimethylaminophenylcarbinols with diazonium salts 
[159]. 

(13) The Wittig reaction [160]. 

(14) Reaction of pentavalent phosphorus esters with gem-dihalides [161]. 

(15) Condensation of lithium salts of Schiff bases with ketones [162]. 

(16) Reaction of diazonium salts with oximes [163]. 

(17) Hoffmann reaction with «hydroxy amides [164]. 

(18) Arens—Dorp synthesis of «,f-unsaturated aldehydes [165]. 

(19) Borodine-Hunsdiecker reaction [166]. 

(20) Jones-Weedon synthesis of acetylenic-cthylenic aldehydes [167]. 

(21) Hydrolysis of acetylene [168]. 

(22) Zemplen degradation of sugars [169]. 

(23) Rearrangement of «,f-epoxy ketones [170]. 

(24) Acid azide degradation [171]. 

(25) Catalytic thermal aliphatic Claisen rearrangement by ammonium 
chloride [172]. 

(26) Pyrolysis of hydroxy esters [173]. 

(27) Preparation of aldehydes from ethers [174]. 

(28) Cleavage of unsaturated cyclic ethers; 5-hydroxypentanal from 2,3- 

_  dihydropyran [175]. 

(29) «-Bromoaldehydes from «-bromodimethy! acetals [176]. 

(30) Atmospheric pressure carbon monoxide conversion of olefins to 
aldehydes via hydroboration [177]. 


REFERENCES 
1, C. D. Hurd and N. Meinert, Org. Syn. Coll. Vol. 2, 541 (1943), 
2. L. I. Smith, H. E. Ungnade, J. W. Opie, W. W. Pritchard, R. B, Carlin, and E. W. 
Kaiser, J. Org. Chem. 4, 323 (1939), 
3. C.J. Martin, A. 1. Schepartz, and B. F, Daubert, J, Am. Chem, Soc. 70, 2601 (1948). 
4. HF is Barakat, M. E. Abdel-Wahab, and M. M. El-Sadi, J. Chenr. Soc. p. 4685 
(1956). 
5. C. D. Robeson, Eastman Org. Chem. Bull. 32, No. 1 (1960), 
6. J. C. Sauer, Org. Syn. Coll. Vol. 4, 813 (1963), 
7, C. D. Hurd, R. N. Meinert, and L. V. Spence, J. Anz. Chem. Soc, 52, 138 (1930), 
8. J. Attenburrow, A. F. B. Cameron, J. H. Chapman, R. M. Evans, B. A. Hems, 
A. B. A. Jansen, and T. Walker, J. Chem. Soc. p. 1094 (1952), 
9. C. Djerassi, Org. Reactions 6, 207 (1951), 
10. R. R. Davies and H. H. Hodgson, J. Soc. Chem. Ind. (London) 62, 109 (1943). 
11, A. Lauchenauer and H. Schinz, Helv. Chim. Acta 32, 1265 (1949). 
12, R. B. Woodward, N. L. Wendler, and F. J. Brutschy, J. Am. Chem. Soc. 67, 1425 
(1965), 
13 V. J. Traynelis and W. L. Hergenrother, J. Ai. Chem. Soc. 86, 298 (1964). 


14, 
15. 


16. 
17, 
18. 


19, 
20. 
21. 
22. 
23. 
24, 


References 165 


K. E, Pfitzner and J. G. Moffatt, J. Am. Chem. Soc. 85, 3027 (1963). 

W. E. Evans, Jr., C. J. Carr, and J. C. Krantz, Jr., J. Am. Chem, Soc. 60, 1628 
(1938). 

N. Rabjohn, Org. Reactions 5, 331 (1949). 

F. Weygand, K. G, Kinkel, and D. Tietjen, Chem. Ber. 83, 394 (1950). 

JN. Ashley, H. J. Barber, A. J. Ewins, G. Newbery, and A. D. H. Self, J. Chem. 

Soc. p. 103 (1942). 

B. O. Field and J. Grundy, J. Chem. Soc. p. 1110 (1955). 

R. B. Woodward and E. C. Kornfeld, J. Am. Chem. Soc. 70, 2508 (1948). 

R. J. Speer and L. R. Mahler, J. Am. Chem. Soc. 71, 1133 (1949). 

J. English and G. W. Barber, J. Am. Chem. Soc. 71, 3310 (1949). 

C. Grundmann, Amn. Chem. 524, 31 (1936). 

E. Mosettig, Org. Reactions 8, 218 (1954). 


24a. F. J. Wolf and J. Weylard, Org. Syn. Coll. Vol. 3, 124 (1963). 


357. 


apes en ae 
ray 


. L. N. Ferguson, Chem. Rev. 38, 227 (1946). 

» C.R. Noller and R. A. Banneret, J. Am. Chem. Soc. 56, 1563 (1934). 
. F, G. Fisher and K. Lowenberg, Chem. Ber. 66, 6666 (1933). 

. R. H. Callighan and M. H. Wilt, J. Org. Chem. 26, 4912 (1961). 

. W. E. Truce and R. J. Steltenkamp, J. Org. Chem. 27, 2816 (1962). 

. H. C. Brown and G. Zweifel, J. Am. Chem, Soc. 83, 3834 (1961). 

. G. Zweifel and H. C. Brown, Org. Reactions 13, 1 (1963). 


Walton, R. S. Tipson, and L. H. Gretcher, J. Am. Chem. Soc. 67, 1501 (1945). 
Tsang, E. H. Wood, and J. R. Johnson, Org. Sy#. Coil. Vol. 3, 641 (1955). 
Marvel, J. H. Saunders, and C. G. Overberger, J. Am. Chem. Soc. 68, 1085 


Fisher, J. Am. Chem. Soc. 56, 2056 (1934). 

Baker, W. S. Nathan, and C. W. Shoppee, J. Chem. Soc. p. 1848 (1935). 
Riley and A. R. Gray, Org. Syn. Coll. Vol. 2, 509 (1943). 
Kornblum, J. W. Powers, G. J. Anderson, W. J. Jones, H. O. Larson, O. Levand, 
and W. M. Weaver, J. Am. Chem. Soc. 79, 6562 (1957). 


.F, 
. M. 
. 
146). 
. D. Law and F. M. Perkin, J. Chem. Soc. p. 259 (1907). 
. H. 
. WwW. 
A. 


. E. J. Moriconi and A. J. Fritsch, J. Org. Chem. 30, 1542 (1965). 

. N. Kornblum, W. J. Jones, and G, Anderson, J. Am, Chem. Soc. 81, 4113 (1959). 

. E, Campaigne and W. A. Le Suer, J. Am. Chem. Soc. 70, 1557 (1948). 

. S. J. Angyal, J. R. Tetaz, and J. W. Witson, Org. Syn. Coll. Vol. 4, 690 (1963). 

. K. B. Wiberg, Org. Syn. Coll. Vol. 3, 811 (1955). 

. E. Campaigne, R. C. Bourgeois, and W. C. McCarthy, Org. Syn. Coll. Vol. 4, 918 


(1963). 
H. Stephen, J. Chem. Soc. 127, 1874 (1925). 


-E. Mosettig, Org. Reactions 8, 218 (1954). 
. E. N. Zilberman and P. S. Pyryalova, Zh. Obshch. Khim. 33, No 10, 3420 (1963). 


H. C. Brown, C. J. Shoaf, and C. P. Garg, Tetrahedron Letters No. 3, 9 (1959). 


. H. C. Brown and C. P. Garg, J. Am. Chem. Soc. 86, 1085 (1964). 
. H. Plieninger and G. Werst, Angew. Chem. 67, 156 (1955). 


G. Mignonac and P. Bourbon, U.S. Patent 2,945,862 (1960). 
A. Galffe and R. Palland, Compt. Rend. 254, 496 (1962). 

L. L. Zakharkin and 1. M. Khorlina, Dokl. Akad. Nauk SSSR 116, 422 (1957). 
L. I, Zakharkin and I. M. Khorlina, ZA. Obshch. Khim. 34, No. 3, 1029 (1964). 


. F. Henle, Chem. Ber. 38, 1362 (1905). 


J. W. Williams, J. Am. Chem. Soc. 61, 2248 (1939). 


ARPA PORIZS 


m 


m 


7. Aldehydes 


. H. H. Fox, J. Org. Chem. 17, 555 (1952). P 
. F. Weygand, G. Eberhardt, H. Linden, F. Schafer, and I. Eigen, Angew. Chem. 65, 


525 (1953). 
L. Friedman, U.S. Patent 3,076,033 (1963); Chem. Abstr. 59, 1534 (1963). 


. T. D. Perrine and E. L. May, J. Org. Chem. 19, 775 (1954). 
. A. W. Burgstahler, L. R, Worder, and T. B. Lewis, J. Org. Chem. 28, 2918 (1963). 


E. Mosetting and R. Mozingo, Org. Reactions 4, 362 (1948), 

H. C. Brown and R. F. McFarlin, J. Am. Chem. Soc. 80, 5372 (1958). 
H. C. Brown and B. C. Subba Rao, J. Am. Chem. Sac. 80, 5377 (1958). 
I. A. Pearl, J. Org. Chem. 24, 736 (1959). 

H. C. Brown and A. Tsukamoto, J. Am. Chem. Soc. 83, 4559 (1961). 


. G. Wittig and P. Hornberger, Ann. Chem. 577, 11 (1952). 
. W. Weygand and E. Eberhardt, Angew. Chem. 64, 458 (1952). 
. M. Mousseron, R. Jacquier, M. Mousseron-Conet, and R. Zagebaron, Bull. Soc. 


Chim. France 19, 1042 (1952). 


. W. Reid and F. J. Konjstein, Angew. Chem. 70, 165 (1958). 
. R. F, Nystrom and W. G. Brown, J. Am. Chem. Soc. 70, 3738 (1946). 
. L. 1. Zakharkin and 1. M. Khorlina, Izv. Akad. Nauk SSSR, Ser. Khim. No. 3, 465 


(1964). 


. R. Greive and H. Buttner, Chem. Ber. 91, 2452 (1958). 
» A. Sonn and E, Muller, Chem. Ber. $2, 1927 (1919). 
. J. W. Cook, W. Graham, A. Cohen, R. W. Lapsley, and C. A. Lawrence, J. Chem. 


Soe. p. 322 (1944). 


. T. S. Work, J. Chem. Soc. p. 429’ (1942). 


E, Truce, Org. Reactions 9, 37 (1957). 

N. Crounse, Org. Reactions 5, 250 (1949). 

|. Gross, A. Rieche, and G. Matthey, Chem. Ber. 96, 308 (1963). 

|. Gross and G. Matthey, Chem. Ber. 97, 2609 (1964). 

- Olah and I. Kuhn, J. Am. Chem. Soc. 82, 2380 (1960). 

. Vilsmeier and A. Haack, Chem. Ber. 60, 119 (1927). 

. Adams and I. Levine, J. Am. Chem. Soe. 48, 2373 (1923). 

. Adams and E, Montgomery, J. Am. Chem. Soc. 46, 1518 (1924). 

. T. Arnold and J. Sprung, J. Am. Chem. Soc. 60, 1699 (1938), 

. C, Fuson, E. C, Horning, S. P. Roland, and M. L. Ward, Org. Syn. Coll. Vol. 3, 


& 
8 
3 


. L, Niedzielski and F, F. Nord, J. Org. Chem. 8, 147 (1943), 

. Bauer~Benedikt and H. Punzengruber, Monatsh. Chem. 81, 772 (1950). 

. Campaigne and W. L, Archer, Org. Syn. Coll. Vol. 4, 331 (1963). 

. F. Fieser, H. L, Hartwell, and J, E. Jones, Org. Syn. 20, 11 (1940). 

. J. Seus, J. Org. Chem, 30, 2818 (1965). 

. Ruggli and E. Burckhardt, Helo. Chim. Acta 23, 447 (1940). 

. H. Bosshard and H. Zollinger, Helv. Chim Acta 42, 1619 (1959). 

R. M,. Silverstein and E. E. Ryskiewicz, Org. Syn. Coll. Vol. 4, 831 (1963), 

A. E. Shabria, E, E, Horne, J. B. Ziegler, and M. Tishler, J. Am. Chem. Soc. 68, 
1156 (1946). 


rm> 


ns 


. P. N. James and H. R. Snyder, Org. Syn. Coll. Vol. 4, 539 (1963). 

. A, W. Weston and R. J. Michaels, Jr., J. Am. Chem. Soc. 72, 1422 (1950). 

. A. W. Weston and R. J. Michaels, Jr., Org. Syn. Coll. Vol. 4, 539 (1963), 

. L. F. Fieser, J. L. Hartwell, J. E. Jones, J. H. Wood, and R. W. Bost, Org. Syn. 


Coll, Vol. 3, 98 (1955). 


References 167 


101. G. F. Smith, J. Chem. Soc. p. 3842 (1954). 

102. L. I. Smith and M. Bayliss, J. Org. Chem. 6, 437 (1941). 

103. L. Gattermann and F. Moffezzoli, Chem. Ber. 36, 4152 (1903), 

104. N. D. Zelinsky, Chem. Zig. 28, 303 (1904). 

105, E. A. Evans, Chem, & Ind. (London) p. 1596 (1957). 

106, L. I. Smith and J. Nichols, J. Org. Chem. 6, 489 (1941). 

107. K. Reimer, Chem. Ber. 9, 423 (1876). 

108. J. Hine and J. H. Van der Veen, J. Am. Chem. Soc. 81, 6446 (1959). 

109, A. R. Russell, and L. B. Lockhart, Org. Syn. 22, 63 (1962). 

110, H. H. Hodgson and T. A. Jenkinson, J, Chem. Soc. p. 469 (1929). 

111. A. R, Russell and L, B. Lockhart, Org. Syn. Coll. Vol. 3, 463 (1955). 

112. W. J. Boyd and W. Robson, J. Biochem. 29, 555 (1935). 

113. H. Fischer, H. Beller, and A. Stern, Chem. Ber. 61B, 1074 (1928). 

114, J. C. Duff and V. I. Furness, J. Chem, Soc. p. 1512 (1951). 

115, H. Adkins and G. Krsek, J. Am. Chem. Soc. 71, 3051 (1949). 

116, R. Levine, J. A. Conroy, J. T. Adams, and C. R. Hauser, J, Am. Chem. Soc. 67, 
1510 (1945). 

117. R, S. Long, J. Am. Chem. Soc. 69, 990 (1947). 

118. B. P. Mariella, J. Am. Chem. Soc. 69, 2670 (1947). 

119, V. A. Petrov, J. Chem. Soc. p. 694 (1942). 

120, R. Adams and G. H. Coleman, Org. Syn. Coll. Vol. 1, 214 (1941). 

121. R. P. Barnes, C. J. Pierce, and C. C, Cochrane, J. Am. Chem. Soc. 62, 1084 (1940). 

122. G. Darzens and G. Levy, Compt. Rend. 196, 348 (1933). 

123. W. L. McEwen, Org, Syn. Coll. Vol. 2, 133 (1943). 

124. M. Kerfanto, Compr. Rend. 254, 4935 (1962). 

125. J. M. Sneli and A, Weissberger, Org. Syn. Coll. Vol. 3, 788 (1955). 

126. J. C. Bill and D. S. Tarbell, Org. Syn. Coll. Vol. 4, 807 (1963). 

127, R, L. Longley, Jr. and W. S. Emerson, J. Am. Chem. Soc. 72, 3079 (1950), 

128, L, C. Keagle and W. H. Hartung, J. Am. Chem. Soc. 68, 1609 (1946). 

129. C. F, H. Allen and C. O. Edens, Jr., Org. Syn. 25, 92 (1945). 

130. A. Behal, and M. Sommelet, Bull. Soc. Chim. France [3] 31, 300 (1904). 

131. M. S. Newman and B. J. Magerlein, Org. Reactions 5, 413 (1949). 

132. M. S. Newman and R. D. Closson, J. Am. Chem. Soc. 66, 1554 (1944). 

133. C. F. H. Allen and J. Van Allan, Org. Syn. Coll. Vol. 3, 733 (1955). 

134. R. A. Barnes and W. M. Budde, J. Am. Chem. Soc. 68, 2339 (1946). 

135. E. P. Blanchard, Jr. and G. Buchi, J. Am. Chem. Soc. 85, 955 (1963). 

136, J. S. McFadyen and T. S. Stevens, J. Chem. Soc. 584 (1936). 

137, E. R. Buchman and E. M. Richardson, J. Am. Chem. Soc. 61, 892 (1939). 

138. J. D. Roberts, J. Am. Chem. Soc. 73, 2959 (1951). 

139. M. Sprecher, M. Feldkimel, and M. Wilchek, J. Org. Chem. 26, 3667 (1961). 

140, F. Krohnke and E. D. Dorner, Chem. Ber. 69, 2006 (1936). 

141. P. Karrer and A. G. Epprecht, Helv. Chim. Acta 24, 1039 (1941). 

142. P. Sabatier and A. Mailhe, Compt. Rend. 158, 986 (1914). 

143. R. R. Davis and H. N. Hodgson, J. Chem. Soc. p. 84 (1943). 

144, R. H. Herbst and R. H. Manske, Org. Syn. Coll. Vol. 2, 389 (1943). 

145. H. B. Haas and M. L. Bender, J. Am. Chem. Soc. 71, 1767 (1949). 

146. H. B. Haas and M. L. Bender, Org. Syn. 30, 99 (1950), 

147, J. C, Lunt and F. Sondheimer, J. Chem. Soc. p. 3361 (1950). 

148. P. Karrer, Helv. Chim. Acta 2, 89 (1919). 

149. G. W. Hearne, M. W. Tamele, and W. Converse, Ind. Eng. Chem. 33, 805 (1941). 


7. Aldehydes 


. W. L. Evers, H. S. Rothrock, H. M. Woodburn, E. E. Stahly, and F. C, Whitmore, 


J. Am, Chem, Soc, 55, 1136 (1933). 


. M.S. Newman, J. Am. Chem. Soc. 57, 732 (1935). 

. T. Curtius, J. Prakt, Chem, 94, 273 (1917). 

. 1. J. Rinkes, Rec. Trav. Chim. 48, 960 (1929). 

. K. Johnson and E. F. Degering, J. Org. Chem. 8, 10 (1943), 

. R. Stoermer, Chem, Ber. 39, 2288 (1906). 

. L. Kalb and O. Gross, Chem. Ber. 59, 727 (1926). 

. G. R. Pettit and E. E. Van Tamelen, Org. Reactions 12, 356 (1962); G. Maerkl, 


Tetrahedron Letters p. 1027 (1962). 


. E. Mosettig, Org. Reactions 8, 218 (1954). 

. A. Sisti, J. Burgmaster, and M. Fudin, J. Org. Chem. 27, 279 (1962). 

. G. Wittig and E. Knauss, Angew. Chem. 71, 127 (1959). 

. H. J. Harwood and M. L. Becker, 14514 Meeting Am. Chem. Soc., New York, 


1963 Abstracts, p. 68g. 


. G. Wittig, H. D. Frommeld, and P. Suchanek, Angew. Chem. 75, 978 (1963), 
. W. F. Beech, J. Chem, Soc. p. 1297 (1954). 


C. L. Arcus and D. G. Greenwood, J. Chem. Soc. p. 1937 (1953). 


. J. F. Arens and D. A, van Dorp, Nature 160, 189 (1947). 


A. Borodine, Ann, Chem. 119, 121 (1861). 
E.R. H. Jones and B, C, L. Weedon, J, Chem. Soc. p. 937 (1946). 


. M. Kutscheroff, Chem. Ber. 14, 1540 (1881). 
. E. Weitz and A. Scheffer, Chem. Ber. 54, 2344 (1921). 


E. Weitz and A. Scheffer, Chem. Ber. 54, 2344 (1921). 


. M.S, Newman, J. Am. Chem. Soc. 57, 723 (1935). 

. J. W. Ralls, R. E. Lunden, and G. F. Bailey, J. Org. Chem. 28, 3521 (1963). 

. A. Horeau and A. Ormancey, Compt. Rend. 236, 826 (1953). 

. S. O. Larvesson and C. Berglund, Arkiv Kemi 17, 465 (1961). 

. G. F. Woods, Jr., Org. Syn. Coll. Vol. 3, 470 ((955). 

. P. Z. Bedonkian, Org. Syn. Coll. Vol. 3, 127 (1955); see also J. Am. Chem. Soc, 66, 


1325 (1944), 


. H. C. Brown, R. A, Coleman, and M. W. Rathke, J. Am. Chem. Soc. 90, 499 (1968). 


CHAPTER 8 / KETONES 


1. Introduction ..  . 7 Z “ : 3 “: F : , . 169 
2. Oxidation Reactions i . ? 7 F S . [70 
2.1. Preparation of 4- Methyleyclohexanone ‘ z . - ‘ > . 171 
2-2. Preparation of 2-Phenyleyclohexanone . ‘: : 3 < 3 . 7 
2-3. Preparation of \-Menthone . 4 F . i 3 . 172 
2-4. Preparation of 2,3- - Dimethylnaphthoquinone 5 : 2 Fi 2 . 173 
2-5. Preparation of Methyl Neopentyl Ketone " 3 Fy “ 7 . 173 
26. Preparation of 2-Methyleyclohexanone . m . 1% 
2-7. Preparation of 2-Ethyleyclohexanone by the Onpenauer Oxidation 5 . 175 
2-8. Preparation of A*-3-Cholestenone . y . fj " - . 1S 
3. Condensation Reactions . ‘ : - 176 
3-1. Preparation of 9-Acetylphenanthrene by the Grignard Method * & . 176 
3-2, Preparation of Acetophenone Using the Grignard Method . . 177 
3-3. Preparation of Dimethylacetophenones Lites: the Friedel- orale, Aepaton 
Method. 2 : . 178 
34, Preparation of Dipkenylketene . - 182 
3-5. Preparation of 3-Oxo-2, ,2-diphenyleyclobuty! Acetate Y ‘the Reaction of 
Diphenylketene with Vinyl Acetate . . 183 
3-6. Preparation of 2-Heptanone from ‘Acetylacetone . z . 184 
3-7. Preparation of 3-Isobutyl-2-heptanone front tert- Butylacetoacetate 5 « 185 
4. Elimination Reactions. 186 
4-1. Preparation of Acetophenone by the Cleavage of Es -Keto Suferides D Derived 
from Esters Zl . 187 
5. Rearrangement Reactions | é « 188 
5-1. Preparation of 3,3-Dimethyl-2- _pentanone » and 2, 2- Dimer :petanore » 188 
6. Miscellaneous Methods . ‘ : . . Fi ~ 189 
References . . . . . . . . . . . 190 


I. INTRODUCTION 


The oxidation of secondary alcohols by sulfuric-chromic acid at 20°-40°C 
gives good yields of ketones and is a widely used synthetic method. Several 
other oxidizing agents have been found to be quite useful. Mild oxidizing 
agents such as dimethyl sulfoxide and air have also been used. 


R,CHOH —> R,C=O q) 
Triethylene compounds activated by halogen, carbonyl, double bond, aro- 
matic rings, heterocyclic rings, etc., can be oxidized using several oxidants to 


ketones or quinones. 
169 


1” 8. Ketones 


The hydroboration of olefins and their subsequent oxidation offers a 
novel method of specifically oxidizing olefins to ketones. 

Ozonolysis of olefins and the use of other oxidants such as permanganate, 
permanganate-periodate, dichromate-sulfuric acid, and hydrogen peroxide- 
lead tetraacetate are also useful in preparing ketones by cleaving the olefin 
into two fragments. 

The Oppenauer oxidation is a preferred method for oxidizing sensitive 
alcohols such as the sterols. Modifications have been reported which permit 
the reaction to be carried out at room temperature. 

The condensation reactions involving the Grignard reagent and the 
Friedel-Crafts method are perhaps the most popular laboratory methods for 
introducing a ketone group into a molecule. 


R/COCd 


° 
RMgxX + nN —> nip’ Q) 
(R‘CO),0 
R’CONEL 
R.Cd + 2 RCOC —> 2 RCOR + CdCla @) 
RCo + ArH ““*, RcoAr 0) 


Active methylene groups of esters, ketones, and other compounds can be 
alkylated, acylated, or self-condensed prior to hydrolysis or cleaved to give 
substituted mono- or diketones. 

The cleavage of £-ketosulfoxides provides a novel method of converting 
an ester to a methyl ketone. 

The thermal decarboxylation of acids is not a preferred laboratory method 
since high temperatures are involved and low yields of unsymmetrical 
ketones are obtained. However, new modifications have been described to 
extend this reaction to the preparation of unsymmetrical ketones. 

The pinacol rearrangement is an effective method for rearranging com- 
pletely alkylated 1,2-glycols. The reaction has been extended to 1,1'-dihydroxy- 
alkanes to yield spiro ketones. 


2. OXIDATION REACTIONS 


The oxidation of secondary alcohols to ketones in good yields is effected by 
sulfurio-chromic acid mixtures. For water-soluble alcohols the reaction is 
carried out in aqueous solution at 20°-40°C [1, 2]. Insoluble aromatic 
alcohols are oxidized in an acetic acid solvent [3]. Some other oxidation 
reagents that have been used are nitric acid [4], copper sulfate in pyridine [5], 
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cupric acetate in 70%, acetic acid [6], ferric chloride [6] in water, chromic 
anhydride in glacial acetic acid [7], chromic oxide in pyridine [8, 9], chromic 
acid in aqueous ether solutions [10], dimethyl sulfoxide and air [11], and 
dinitrogen tetroxide in chloroform [12]. Oxidation reactions in organic che- 
mistry have recently been reviewed [13]. 


2-1. Preparation of 4-Methyleyclohcxanone [14] 
OH 


NaxCrs07 + HaSOx 


CH; CH, 


To a flask containing a solution of 367 gm (1.4 moles) of sodium dichro- 
mate in 1} liters of water at 80°C is added 798 gm (7.0 moles) of 4-methyl- 
cyclohexanol. To the stirred mixture is added dropwise a solution of 367 gm 
(1.4 moles) of sodium dichromate and 1078 gm (11.0 moles) of sulfuric acid in 
1} liters of water at such a rate to maintain the temperature at 80°C (ap- 
proximately 12 hr). The ketone and water are distilled from the reaction 
mixture, the ketone is separated from the aqueous phase, and then distilled 
to give 549 gm (70%) of 4-methylcyclohexanone, b.p. 171.4°-171.5°C 
(760 mm), n3? 1.4462; d23 0.917. 


2-2. Preparation of 2-Phenylcyclohexanone [3] 


OH ° 
Cy* + CH,COOH + Cr,0, —> Cys © 


To a flask containing a stirred solution of 31 gm (0.176 mole) of cis-2- 
phenylcyclohexanol in 50 ml of glacial acetic acid is added dropwise a solution 
of 14.0 gm (0.092 mole) of chromic oxide in 50 ml of 80%, acetic acid at such a 
rate as to maintain 50°C. The mixture is allowed to stand for 24 br and then 
extracted with benzene {(1) 200 ml portion and (2) 100 ml portion]. The com- 
bined extracts are washed with aqueous sodium bicarbonate and then with 
water, dried, and then distilled under vacuum to yield 25.0 gm (80%), b.p. 
155°-160°C (16 mm), m.p. 52.5°-54.5°C. 


The advantages of an immiscible ether layer during oxidation is that 
ketones capable of undergoing epimerization under the usual oxidation 
condition are extracted into the ether layer as soon as they are formed and 
are thus protected from further oxidation [15]. 
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2-3. Preparation of \-Menthone [15] 


CH, CH, 
ye» () 
250. 
‘OH “oO 
gs Pas 
CH, CH; CH, CH; 


To a flask containing 20 ml of ether and 7.80 gm (0.050 mole) of /-menthol 
is added dropwise over a period of 15 min a solution of chromic acid, pre- 
pared from 5.0.gm (0.0168 mole) of sodium dichromate dihydrate and 3.75 ml 
(0.067 mole) of 96%, sulfuric acid diluted to 25 ml, at such a rate as to main- 
tain the temperature at 25°C. After 2 hr the ether layer is separated and the 
aqueous phase is extracted with two 10 ml portions of ether. The combined 
extracts are washed with a saturated sodium bicarbonate solution, and then 
with water. Distillation at reduced pressure yields 6.45 gm (84%) of /- 
menthone, b.p. 66°-67°C (4 mm), "2? 1.4500, 


Dinitrogen tetroxide has been used to oxidize arylearbinols to aceto- 
phenones in chloroform at 0°C in 88-98%, yields [12]. Steam distillation or 
distillation at reduced pressure yields the ketone. 

Recently it has been reported that active methylene bromides can be oxi- 
dized at room temperature in dimethyl sulfoxide to yield ketones or aldehydes 
[16, 16a]. 


Ncupr —> ‘co or Ne. 0 
7 7 a 
Benzyl bromides are oxidized in fair yields using acetonitrile [16]. 

Active methylene compound can be oxidized by manganese dioxide to 
ketones [17]. 

Ruthenium tetroxide [18] has been reported to be a powerful oxidizing 
agent that readily oxidizes aldehydes to acids, alcohols to aldehydes or ke- 
tones, and ethers to esters at low temperatures. 

Careful oxidation of some aromatic hydrocarbons with chromic-sulfuric 
acid mixtures yields quinones in good yield [19]. Other oxidizing agents have 
also been found to be effective. Vanadium pentoxide and sodium chlorate 
mixtures have been used for anthracene [20]. Hydrogen peroxide (30%) in 
acetic acid (peracetic acid) has also been found to be effective [21]. 

Phenols, amino phenols, and aryl diamines yield quinones upon oxidation 
with chromic-sulfuric acid mixtures [22-23]. 


§ 2. Oxidation Reactions 173 


Quinones can also be prepared by ring closure of o-aroylbenzoic acid in 
the presence of concentrated sulfuric acids [20]. 


2-4. Preparation of 2,3-Dimethylnaphthoquinone [24] 


oO 
CH; CH; 
cae © Om. 
CH; CH; 
oO 


To a flask containing 10 gm (0.064 mole) of 2,3-dimethylnaphthalene in 350 
ml of acetic acid at room temperature is added dropwise with stirring a solu- 
tion prepared from 25.6 gm (0.169 mole)-of chromic acid dissolved in 130 ml 
of acetic acid and 35 ml of water. The addition requires about 15 min and the 
temperature is maintained at 20°-30°C. After standing at room temperature 
for 3 days, the reaction mixture is diluted with 1.5 liter of water and then 
allowed to stand for several hours. The product is filtered, and then recrystal- 
lized from alcohol to yield 6-7.9 gm (60-807) of material with a melting 
point of 126°-127°C, 


Olefins are readily ozonized and the ozonides are decomposed to ketones 
[25, 26]. This method requires a controlled source of ozone and extreme 
caution since ozonides are potentially explosive. For the latter reason, the 
method has thus far found limited use in the laboratory, However, com- 
mercial ozonizers [27] have become available and this has increased the use 
of this oxidation procedure. 

Potassium dichromate-sulfuric acid [28], potassium permanganate [28], 
and oxygen [29] have been used to oxidize olefins to ketones. In addition 
olefins can be oxidized to glycols with hydrogen peroxide or performic acid 
and then cleaved with lead tetraacetate [30] to ketones in good yields. 


RCH,CH=CHR —> RCH2,C—CHaR (9) 
§ 
R,C==CRz + [0] ——> R2C—CRs + 2 RaC=O (10) 
OHOH 


2-5. Preparation of Methyl Neopentyl Ketone [31] 
CHa CHs on 
cHC—cH, C=C, + K,Cr,0, + HaSO, —> Cea e dy 
‘Hs Hs 0 
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To a flask containing 1176.9 gm (4.0 moles) of potassium dichromate in 
800 ml of water is added 336.6 gm (3.0 moles) of technical diisobutylene, b.p. 
101°-104°C, n25 1.4060 (80% of 2,4,4-trimethyl-1-pentene). To this stirred 
mixture is added dropwise over a period of 5 days 1569 gm (16 moles) of con- 
centrated sulfuric acid at such a rate as to maintain the temperature at 30°- 
35°C, The mixture is stirred for an additional day, and then steam-distilled 
to yield 248.6 gm of crude methyl neopenty! ketone. Distillation yields 105.8 
gm of methyl neopentyl ketone, b.p. 124°-125°C (760 mm), #3° 1.4018, The 
total yield obtained is 155.2 gm (56.0%). 

Recently [32] it has been reported that olefins can be hydroborated and 
then oxidized directly to ketones in good yields. 


RaC=CR, + NaBH, + ZnCl, —> (RaCHCR,)sB ware” Bache aie (12) 


2-6. Preparation of 2-Methyleyclohexanone {32} 


CH, CHs CHs 


B NazCrsO, 
+ LiBH, + BF, —> B aes (13) 
3 38°-37°C 


To a flask containing 4.8 gm (0.05 mole) of I-methylcyclohexene and 0.38 
gm (0.0225 mole) of lithium borohydride in 30 ml ether is added 0.95 mi (0.0075 
mole) of boron trifluoride etherate in 4 ml of ether over a period of 15 min at 
25°-30°C. After 2 hr, 5 ml of water is cautiously added in order to destroy the 
excess hydride. To the remaining reaction mixture is added a chromic acid 
solution [prepared from 11.0 gm (0.0369 mole) of sodium dichromate di- 
hydrate and 8.25 ml (0.147 mole) of 96% sulfuric acid diluted to 45 ml with 
water] over a period of 15 min while maintaining the temperature at 25°-30°C. 
The reaction mixture is heated to reflux for 2 hr, the upper layer is separated, 
and the aqueous layer is extracted with two 10 ml portions of ether. After 
concentrating the ether, the residue is distilled to yield 4.36 gm (78%) of 2- 
methylcyclohexanone, b.p. 63°-64°C (24 mm), 2° 1.4487. 


The Oppenauer oxidation (33, 34] employs mild conditions and therefore 
is the preferred method for sensitive compounds such as steroids. Aluminum 
isopropoxide, acetone, and the alcohol are refluxed for several hours to pro- 
duce the ketone in excellent yields. Methyl ethy! ketone and cyclohexanone 
are the best oxidizing agents for high molecular weight alcohols such as the 
sterols [35]. Benzil is employed when the ketone can be distilled from the 
reaction mixture and p-benzoquinone or benzil are suitable oxidizing agents 
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for ketones boiling at 100° to 200°C [35}. Aluminum or potassium fert- 
butoxides are also commonly used in place of aluminum isopropoxide. 


2-7, Preparation of 2-Ethyleyclohexanone by the Oppenauer. Oxidation {35] 


OH ° ° 
Cr tes O + AYO—C(CH,)sJo ZOU» Si CoH, (14) 
o 


To a flask containing 65 gm (0.60 mole) of p-benzoquinone and 14.8 gm 
(0.06 mole) of aluminum tert-butoxide in 1 liter of toluene is added 15 gm 
(0.127 mole) of 2-ethylcyclohexanol. The flask is allowed to stand at 20°- 
25°C for 8 days, Then water is cautiously added and the resultant aluminum 
hydroxide is removed. The remaining toluene solution is washed with 5%, 
sodium hydroxide solution and then with water. Distillation yields 11.4 gm 
(77%,) of 2-ethylcyclohexanone, b.p. 178°-182°C (738 mm), 12° 1.4500 


A modified Oppenauer oxidation [36] employing fiuorenone to oxidize 
quinine permits the reaction to be carried out in benzene solution at room 
temperature in } to 1 hr. Other alcohols such as cholesterol, deoxyajmaline, 
and yohimbine gave good yields of: the ketone. 


2-8. Preparation of A*-3-Cholestenone {36} 
CH, 


| 
CH—{CH,)s—CH(CHs)2 


H,C CH, 


| 
CH—{CH,)s—CH—{CHa)2_ (15) 


HO 


To a flask containing p-.tassium tert-butoxide prepared from 0.5 gm (0.013 
mole) of potassium, 4.50 gm (0.025 mole) of fluorenone, and 40 ml of dry 
benzene is added 2.02 gm (0.00524 mole) of dry cholesterol. The reaction 
mixture is stirred under a nitrogen atmosphere for 1 hr at room temperature 
and then diluted with water and ether. The ether layer is separated, dried, 
and concentrated to give 6.35 gm of a yellow oil. Removal of 2.99 gm (0.0166 


176 8. Ketones 


mole) of fluorenone is facilitated by recrystallization from cyclohexane. 
Chromatographing the filtrate on 100 gm of aluminum and elution with 
benzene gives A‘-3-cholestenonc which upon recrystallization from cyclo- 
hexane yields 0.90 gm (44%), m.p. 80°-82°C. 


Other oxidation reagents such as dicyclohexylcarbodiimide and phosphoric 
acid in dimethyl sulfoxide [37] or acetic anhydride in dimethyl sulfoxide [38] 
yield ketones from secondary alcohols at room temperature in the 18-24 hr. 
The latter method appears to be particularly useful for the mild oxidation of 
sterically hindered hydroxyi groups such as in the indole alkaloids [39]. This 
reaction can not be extended to phenols in order to obtain quinones [40, 41]. 


3. CONDENSATION REACTIONS 


The Grignard reaction and Friedel-Crafts reaction are the two condensa~ 
tion reactions most frequently used to prepare ketones in the laboratory. 

The Grignard reagent reacts with nitriles to form ketimine salts which on 
hydrolysis yield ketones. Low molecular weight aliphatic nitriles give ketones 
contaminated with hydrocarbons derived from the acidic «-hydrogen of the 
nitrile [42]. The difficulty can be overcome to some extent by discarding the 
ethereal solution containing the hydrocarbon by-products before the hydro- 
lysis of the ketimine salts [43]. Therefore the Grignard procedure is successful 
with aromatic nitriles or high molecular weight aliphatic nitriles [44]. Low 
molecular weight aliphatic nitriles respond favorably with aromatic Grignard 
reagents [45, 46]. 


3-1, Preparation ‘of 9-Acetylphenanthrene by the Grignard Method |47| 


Cc=0 
Sy ey 


To a flask containing 0.11 mole of methylmagnesium iodide (prepared from 
7 ml of methyl iodide in 30 ml of ether containing 2,7 gm of magnesium) is 
added 25 ml of benzene followed by 15 gm (0.074 mole) of 9-cyanophenan- 
threne. The reaction mixture is refluxed for 3 hr, cooled, and hydrolyzed with 
cold ammonium chloride solution, The benzene-ether layer is separated, 
shaken with cold dilute hydrochloric acid, and then refluxed for 1 hr in order 
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to hydrolyze the ketimine hydrochloride to the ketone. The ketone which 
precipitates as an oil is separated, distilled under reduced pressure, and then 
recrystallized from ethanol to yield 9.5 gm (58%), m.p. 73°-74°C, 

Grignard reagents catalyzed by ferric chloride also give ketones upon 
reaction with acid chlorides [48], with anhydrides [49], esters [50], 
amides [51, 52], and with salts of carboxylic acids [50]. Low-temperature 
reaction (— 75°C) gives good yields of ketones, when primary, secondary, and 
tertiary aliphatic or aromatic Grignard reagents are treated with acetic [49], 
propionic, or butyric anhydrides [53, 54]. 

Coupling the Grignard reagent with «-haloketones gives good yields of 
substituted ketones, as for example in the case of 2-chlorocyclohexanone 
[55, 56]. 

Cadmium [57] or zinc alkyls [58] have been used to couple with acid 
halides to give good yields of ketones. Cadmium alkyls give good yields if the 
alkyl is not secondary or tertiary and if the formed ketone is not highly 
reactive [58]. 


3-2, Preparation of Acetophenone Using the Grignard Method |53] 
ve) 
CoHeMsBr + (CHsCOWO <> consdicHs an 


To a flask containing 40 gm (0.39 mole) of acetic anhydride in 100 ml of 
anhydrous ether cooled to — 80°C using Dry Ice-acetone is added 0.2 mole 
of an ether solution of phenylmagnesium bromide. The reaction mixture is 
stirred for 2-3 hr and then hydrolyzed with ammonium chloride solution. 
The ether layer is washed with water and alkali in order to remove the excess 
acetic anhydride and acetic acid. The remaining ether is dried and fraction- 
ally distilled to yield 16.8 gm (70%) of acetophenone, b.p. 202°C, nf? 1.5339. 


The Friedel-Crafts [59] acylation [60] method is an excellent method for 
introducing a ketone group into an aromatic hydrocarbon molecule. Some 
of the acylating agents used vary in reactivity as follows [2, 61] RCO *BF,~ > 
RCO,CIO, > RCOOSO;H > RCO halogen > RCOOCOR’ > RCOOR' > 
RCONR, > RCHO > RCOR’. The acylation of polyalkylbenzenes with 
acetyl chloride, and aluminum chloride in carbon tetrachloride has been 
reported to give good yields [62]. Aluminum chloride is the most effective 
catalyst [63]. 

The acylation of heterocycles has been reported [64]. Diketones are prepared 
by the Friedel-Crafts method using adipy! chloride, benzene, and aluminum 
chloride [65]. 
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3-3. Preparation of Dimethylacetophenones Using the Friedel-Crafts Acylation 
Method (66} 


CH, CH, 
cc, “a 
CH, + AICl, + CH,COCL > | CH, + AICI, + HCI (18) 
SS 
i 
COCH, 


Using the method of Mowry (62] the xylene isomers were each reacted with 
acetyl chloride to yield the corresponding acetophenones. 

General Procedure: To a 5 liter three-necked flask equipped with a stirrer, 
dropping funnel, condenser, and dry tube is added 14 liter of dry, freshly dis- 
tilled carbon tetrachloride. To this is added 454 gm (3.3 moles) of reagent 
grade granular aluminum chloride and the mixture is cooled to about 5°C 
by means of an ice-water bath. Acetyl chlorides (275 gm, 249 ml, 3.5 moles) is 
added dropwise to the cooled mixture over a 5-10 min interval. This is then 
followed with the dropwise addition of the appropriate xylene isomer [o- 
xylene, 300 ml (2.5 moles), 7-xylene 300 ml (2.5 moles), or p-xylene 275 ml 
(2.3 moles)] at 10°-15°C, which takes about 1-2 hr. The mixture is stirred 
at room temperature for 2 hr and then allowed to stand overnight at room 
temperature.* The mixture is poured into a mixture of 5 kg of ice and 700 ml 
of concentrated hydrochloric acid. The lower carbon tetrachloride layer is 
separated, washed twice with 250 ml portions of water, once with 500 ml of 
2%, sodium hydroxide solution, and then several times with water until the 
washings are neutral. The carbon tetrachloride is distilled off at atmospheric 
pressure and the residue is fractionally distilled to give 280 gm (75%) of 
3,4-dimethylacetophenone, b.p. 103°C (6 mm), 32° 1.5381; 140 gm (43%) of 
2,5-dimethylacetophenone, b.p. 85°-86°C (3 mm), “3° 1.5291; and 225 gm 
(61%) of 2,4-dimethylacetophenone, b.p, 90°C (6 mm), 12° 1.5340. 


The Fries reaction, which involves the rearrangement of phenolic esters to 
phenolic ketones, can be considered an intramolecular Friedel-Crafts reaction 
[67]. 

Acyl chlorides can be condensed with olefins [68] or acetylenes [69] to give 
ketones. 


H 
| 

R‘COCI] + RCH=CHR —»> RCOC—CHR (19) 
Rc 

R‘COC] + CH=CH —» RCOCH=CHCI (20) 


* The reaction may be worked up immediately but this is a convenient place to stop the 
reaction. 


TABLE | 
Cycioappucts of DisusstituTeD Ketenes [73*] 


R 
»¢ R' 
ee ee eer a 
Y =O 


Yield Bp. wc tH 
R R’ x Y = Method* ("%) (mm) a®? Caled. Found Caled. Found 

CHs CHs OC2Hs H A 80 38 1.4270 67.6 67.8 9.9 10.0 
CHs CHs OCaHs CHs A 64 34 — 69.2 68.8 10,3 10.3 
CH, CHs OCiHs H A 65 65 1.4323 70.6 70.0 10.6 10.6 
CHy CHa OCHaCH(CHs)2 H A 54 69 1.4287 70.6 70.7 10.6 10.9 
CH CHs OCH(C2H5)(CaH») H A 56 0.7 14419 7435 74.2 [1.5 11.6 
CHs CH, OCH,CH,C! H A 70 91.5°~93.5" 49 1.4578 54.7 54.6 15 15° 
CHs CHs3 OCH;CHz,0CyHs H A 67 -118°-119% 0.5 1.5104 71.8 71.7 VT 78 
CHa CH, OCHsCHzNHCOCH(CH;), H A 80 62°-67° 0.003-0,007 1.4666 63.5 63.9 9.3 9,3¢ 
CHs CHsy OCeH.OCH»(p) H A 46 Z 35 1.5290 76.4 76.7 19 78 
CHy CHa SCH2CH,0COCH, H A 41 15 _ 55.6 55.5 14 7.4% 
CHy CHa vm OCHgCH2CHs — A 80 W 1.4632 70,1 70.4 9.2 9.2 
CHs3 CH, —OCH(OC2Hs)C HC Hy — A 85 3 ~ 66.6 66.5 9,2 9.2 
CHy CHs OC2Hs OC2Hs A 20 7 1.4355 64.5 63.9 9.7 9.7 
CyHy 9-CyHo OC,Hs H B 81 1.6 1.4443 72.8 72.8 Il 11.3 
CaHs nCyHs OCOCH, H c 30 0.5 1.4554 67.9 67.8 9.5 9.4 
CaHs  n-CyHy CH,OC2H, H c 3 04 1.4497) 73.5 730 114 114 
CaHs mCiHy CH20C6Hs H c 15 0.4 cae 78.4 78.3 9.3 9.4 
CaHs iso-CsHp OCOCHs H c 31 0.6 1.4550 67.9 67.7 9.5 9.4 
CaHs  iso-C,Ho —CH,OCH— c 30 = . 734 73.8 10.3 10.2 
CeaHs CoHs OCOCH, H A 72 114--115.5°" _ 7711 TA 5.7 5.8 
CoHs CeHs SCH2zCH,O0COCHs H A 87 90°91" cit = 70.6 70.7 5.9 6.0 


* Reprinted from: R. H. Hasck, P. G. Gott and J. C. Martin, J. Org. Chem. 29, 1239 (1964). Copyright 1964 by the American Chemical Society. 
Reprinted by permission of the copyright owner. 


* A, reaction in inert solvent at room temperature; B, reactants heated at 100 C (no solvent); C, reactants heated at 180°C (autoclave), 
» Cl: caled., 19.6; found, 19.5. © % N:caled., 6.2; found, 6,1. 4 %, S:caled..14.8; found, 15. 


alcohol). ‘ Purified by gas-liquid chromatography. ° Melting point (from benzene- hexane). 


3. © Product solidified, m.p. 55°C (from ethyl 
* Melting point (from ethyl alcohol), 


GiHs CaHs CHs (CH,).N 195°-98° (8) 1.4585 73.1 72.9 11.7 11.8 71 7.0 


GHs CsHs CH; oO NN :101°-104° (0.7) 1.4794 70.3 69.9 10.5 10.5 5.9 5.9 
Naf; 

CaHs GH, CoH (CH,).N 112° (5) 1.4662 74.7 74.1 12.0 11.6 6.2 5.9 

CaHs CoHs  CaHs « N — 130°-132° (1.5)# =- 710 16.7 11.7 11.7 5.3 5.0 

CaHs CGsHy CHa {CH,):N 194° (2) 1.4592 74.7 14.9 12.0 12.5 6.2 61 


—(CHa)s— CHs Cs 81°-82.5°* = 771 711 10.8 11.0 5.6 5.4 


ee, 
* Reprinted from: R. H. Hasek andiJ.|C. Martin, J. Org. Chem. 28, 1468 (1963). Copyright (1963) by the American Chemical Society. Reprinted 
by permission of the copyright owner. 


* Substituents on original dialkylketene. 

> Melting point (from pentane). 

° Bis adduct, melting point {from toluene). 
4 Solidified on standing. 

* Melting point (from ethyl alcohol). 


TABLE IL 
‘CycLoappucis OF KETENES witH ENAMINES [74*] 


R,” ° 
R'R,"C=0 + R,"NCH=CR,” —> 
R,"N R’ 
H R 


Bp. — *2f tN a 
R* RY R’ “aN °C (mm) ne Caled. Found Calcd. Found Caled. Found 

CHs CHs CHs (CH,),N 83°-85° (24) 1,4439 711 11.3 11.2 11.2 8.3 8.1 

CHa CHa CH oe: 95°-97° (4.2) 1.4705 74.5 74.3 11.0 11.2 6.7 6.5 

CHs CHs CH; a °-59.6°° = 68.3 68.3 10.0 10.0 6.6 6.6 

CH, CHs CHs N N 256° dec.° _ 72.0 72.1 10.2 10,2 8.4 8.3 
f ‘ 2. 

CHs CHy CHs CH,N N 105°-107° (3)* _ 69.7 70.2 10.7 10.8 12.5 12.4 
{\ 

CHs GHs CH; QO N 101°-103° (1.3) 1.4736 69.4 69.6 10.2 10.4 6.2 63 


C 
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Keto acids are obtained by the condensation of succinic anhydride as in 
the case of benzene to give f-benzoylpropionic acid [70]. The reaction is ap- 
plicable to other aromatic hydrocarbons and other aliphatic dibasic acid 
anhydrides [71]. 

Diketene condenses with benzene in the presence of aluminum chloride to 
yield benzoyl acetone [72]. The use of other diketenes may lead to other 
1,3-diketones, 

Ketenes such as butylethylketene condense readily with vinyl ethers [73], 
esters [73], and enamines [74] to give substituted cyclobutanones, 


C,H; ° 
Gy ne—t 


ie} 
| 
C,Hs--C=C=0 + CH ,=CH- olcn, » CH3;CO,—CH—CH, Qi) 
“4H 


Some of the ketenes which undergo this reaction are CH,-==C=+O [74a], 
(CHg)zC=C=0, (CgH5)(n-CyHp)-~C=C==0, (C2H5) (iso-CyHg+-C=C—= 
O, and (C,H;),C=C=O [74b]. Several examples of these reactions are sum- 
marized in Tables I and II. 

Ketene may be conveniently generated by the pyrogenic decomposition 
of the reagent grade acetone in a generator described by Williams and Hurd 
[74c]. The dialkyl ketenes may be prepared by the pyrolysis of the cor- 
responding anhydrides [74d]. Diphenylketene may be prepared by the de- 
hydrogenation of diphenyl acetyl chloride or by the method described below 
[74e]. Haloketenes can also be prepared by dehydrohalogenation methods 
[74f]. 

Ketenes can also react with conjugated dienes such as cyclopentadiene to 
give the bicyclic ketone shown below [74a]. 


Toluene 
oneo( ae LY - 
0 


3-4. Preparation of Diphenylketene [74e] 
if 
CoG CCN + HgO —» C.Hs~C--COCsH; + Hg + H.O (23) 


INH, No 
be Nz + (CyHp)aC==C=0 
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(a) Benzil monohydrazone. To a flask containing 158 gm (0.75 mole) of 
benzil is added 300 ml of alcohol. The contents are heated and then 45 gm 
(0.75 mole) of an 85%, solution of hydrazine hydrate in water is slowly added 
with stirring. The’ product begins to separate from the hot solution after 33 
gm has been added. After the addition is complete the solution is refluxed for 
5 min, The contents are cooled to 0°C, and the hydrazone is filtered off. The 
precipitate is washed with two 100 ml portions of cold alcohol and then 
dried to give an almost quantitative yield (168 gm), m.p. 149°-151°C with 
decomposition. 

(6) Diphenylketene. To a mortar is added 56 gm (0.25 mole) of benzil 
monohydrazone, 81 gm (0.38 mole) of yellow mercuric oxide, and 35 gm of 
anhydrous calcium sulfate. The mixture is ground and blended together. The 
mixture is then added to a | liter three-necked flask fitted with a stirrer, 
condenser, and thermometer. To this flask, placed in a water bath, is now added 
200 ml of dry thiophene-free benzene and the suspension stirred at 25°-35°C. 
The temperature is kept at 25°-35°C by adding ice to the water to control the 
initial highly exothermic reaction. The reaction mixture is stirred for 4 hr and 
then filtered through fine-grained filter paper. The precipitate is washed with 
dry benzene until the washings are colorless. 

The benzene solution of the diazo compound is poured into a separatory 
funnel. The separatory funnel is attached to a 125 ml Claisen distillation . 
flask which is provided with a condenser for downward distillation. The flask 
is heated in an oil bath to 100°-110°C by means of.a hot plate while the ben- 
zene solution is slowly dropped into the hot flask. Under these conditions the 
diazo compound is thermally transformed to diphenylketene while the 
benzene distills. The residue is fractionally distilled to yield 25 gm (59%) of 
diphenylketene, b.p. 119°-121°C (3.5 mm). 

Diphenylketene is stored under a nitrogen atmosphere in the presence of a 
small crystal of hydroquinone in order to inhibit polymerization. 


3-§, Preparation of 3-Oxo-2,2-diphenylcyclobutyl Acetate by the Reaction of 
Diphenylketene with Vinyl Acetate [73] 
t 
° OCCH,FeHs 
ii CoHs 
(CcHs)sC—C=O + CH,=CHOCCH, —> (24) 


To a flask containing 9.7 gm (0.05 mole) of diphenylketene is added 4.3 gm 
(0.05 mole) of vinyl acetate under a nitrogen atmosphere, The flask is sealed 
and after several days the mixture crystallizes. The solid is rinsed with cold 
hexane to give 11.4 gm (80%) of crude 3-oxo-2,2-diphenylcyclobuty! acetate. 
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Recrystallization of the crude material from a mixture of benzene and hexane 
gives 10 gm (72%), m.p. 114°-115.5°C. 

Existing carbonyl compounds can be alkylated and acylated to give new 
ketones [75]. 

Simple ketones [75a] and diketones [76] are reacted with strong bases such 
as sodium amide or sodium alkoxides to form the enolate ion which is then 
coupled with a reactive alkyl halide. 


« Ba: 
RCH,COCH2R = RCH,COCHRR’ 25) 


The diketone is first reacted with powdered sodium and then reacted with an 
alkyl iodide. 

Acetylacetone can be alkylated [77] by means of an alkyl halide by use of 
bases and the resulting alkyl derivative can be cleaved by alcoholic base to 
give simple ketones. 

Recently a one-stage procedure has been developed which is more con- 
venient than the above two-stage process involving alkylation and then 
cleavage. The use of ethanolic potassium carbonate was used to prepare 
several ketones of the type CH,COCH,R where R is an alkyl or an arylalkyl 
group [78]. 


3-6. Preparation of 2-Heptanone from Acetylacetone [78] 


K,CO,, CgH,OH 
eee, 


CH,COCH,COCH; + #-CyHel CH,COCH.C,H, (26) 


Toa flask is added a mixture 11.0 gm (0.11 mole) of acetylacetone, 18.3 gm 
(0.10 mole) of n-butyl iodide, and 100 ml of anhydrous ethanol containing 
13.8 gm (0.1 mole) of anhydrous potassium carbonate. The mixture is reHuxed 
for 16 hr, shaken with 150 ml of water, and then extracted three times with 
150 ml of ether. The ether extracts arc combined, dried over anhydrous mag- 
nesium sulfate, concentrated, and the residue is distilled to yield 7.5 gm (60%), 
b.p. 150°-152°C (760 mm). 


Acetoacetic ester can be alkylated and then cleaved by acid to give mono- 
and dialkyiated methyl ketones in good yields. 


1. CgH;ON: id 
CHeCOCH:COOR =S""> CH,COCHR’COOR > CHACOCH,R’ 


1. CgH,ONa H ie, 
ZRX CHsCOCR’R"COOR 


H+ 
'—> CH,COCHR‘R* 
+CO2+ ROH (27) 


Primary alkyl bromides [79] give better yields of ketones than secondary 
alkyl bromides [80] when cleaved by acid [81]. 
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The use of tert-butyl acetoacetate is similar to other acetoacetic esters 
except that tert-butyl esters decompose readily in the presence of acid to give 
isobutylene, carbon dioxide, and the methyl ketone [82, 83]. Products which 
are sensitive to hydrolysis may be prepared to advantage by this method. 


3-7. Preparation of 3-Isobutyl-2-heptanone [82] from tert-Butylacetoacetate 
a 


CHa 
0-1 
lcsieoe ys Butyl —_—_— oly + CHa CHa + CO, 
; ie-bot iso-CcHs (28) 


Toa flask equipped with a stirrer, condenser, and a thermometer containing 
120 ml of tert-buty! alcohol is added 7.8 gm (0.2 gm atom) of potassium and 
the mixture is stirred and refiuxed until the metal reacts. The solution is 
cooled to about 50°C and 31.6 gm (0.20 mole) fert-buty] acetoacetate [84a] is 
added. The mixture is stirred for 2 min (all the potassium fert-butoxide dis- 
solves) and 27.4 gm (0.20 mole) of n-butyl bromide is added. The mixture is 
refluxed for 1 hr* and then 22.4 gm (0.2 mole) of fresh potassium fert- 
butoxide is added. After refluxing for } hr, 36.6 gm (0.20 mole) of isobutyl 
iodide is added and again the mixture is refluxed for 1 hr. Approximately 50- 
100 ml of terr-buty! alcohol is collected by distillation and the residue is 
warmed on a water bath with 5%, of its weight of p-toluenesulfonic acid until 
gas evoluation ceases (about | hr). The liquid is extracted with ether, washed 
with saturated sodium bicarbonate, dried, and distilled to yield 28.6 gm 
(84%), b.p. 80°C (10 mm), 13° 1.4237. 


Esters having an e-hydrogen atom can also undergo self-condensation in 
the presence of a base to give substituted acetoacetic esters [85-87]. The 
reaction can also occur with mixed esters. 


NaOR 
2 RCH,COOR ~—— RCHzCOCHRCOOR + ROH (29) 


B-Diketones are prepared [88] by acylation of ketones having a reactive 
methylene group using anhydrides [89] or esters [90]. The anhydrides are 
condensed with the aid of boron trifluoride and esters are condensed with the 


aid of a base to yield two types of &-diketones shown in Eq. (30). 
PFs? COMO. RCH,COCH,COR’ 
RCH,COCH; y (30) 
acedidash cated R’‘C—CHRCOCHS 
i 
ie) 


* The reaction can be stopped here and worked up to give 2-heptanone. 
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Using diethyl oxalate as the acylating agent, «, y-diketo esters or a substituted 
glyoxalate are formed [91]. 

Enol esters of ketones can also be acylated with anhydrides in the presence 
of trifluoride to give diketones [92]. 

The acylation of sodium enolates of esters with acyl chloride gives a- 
substituted keto esters [93]. 


RCOC] + NaCR’,COOC.Hs —> RCOCR’,COOC;H; + NaCt Gl) 


Methylene groups activated by nitrile groups can also be acylated with esters 
using sodium ethoxide to form f-keto nitriles in good yields [94]. 

8-Keto esters are also obtained by the Reformatskii reaction in good 
yields [95]. 


Zn 
R‘COOR’ + R,CBrCOOC;H; —~> R‘COCR,COOC,Hs @2) 


The Dieckmann condensation is a useful reaction leading to large or small 
ring ketones [95a]. However, the yields are low. The Ziegler cyclization of the 
dinitrile has been reported to give much higher yields of the cyclic ketones 
[95b). 

The hydration of acetylene can also be considered as a condensation 
involving water to given an intermediate alcohol which rearranges to the 
corresponding ketone [96]. 


4, ELIMINATION REACTIONS 


Aliphatic and aromatic ketones can be easily prepared in good yields by 
hydrolysis and decarboxylation of 8-keto diesters obtained by the acylation of 
ethoxymagnesium diethylmalonate [97, 98). 


RCOCI + CzHs;OMgCH(COOC;Hs)2 —> RCOCH(COOC2H,)s 
Ht 
—» RCOCHs + 2CO, + 2C,Hs—OH (33) 


This method is useful for the preparation of nitro and chloroacetophenones 
which cannot be obtained by the Grignard, or Friedel-Crafts methods [98]. 

In a related manner the olefin elimination and decarboxylation of ethyl- 
tert-butyl acylmalonates is easily effected by p-toluenesulfonic acid to form 
B-keto esters [99]. This is related to the elimination with alkylated tert- 
butylacetoacetate discussed in the previous section (3-6). 


RCOCI + CzHsOMgCH(COOC;H;)COO(tert-Butyl) —> 


RCOCH(COOC.HsXCOOtert-Butyl) > 
RCOCH:COOCHs + CHa=C(CHs: + CO. (34) 
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Recently [100] it has been reported that esters can be converted in good 
yield to methyl ketones. The esters are reacted with methylsulfonyl carbanion 
to give B-keto sulfoxides, which are subsequently reacted with aluminum 
amalgam in 90%, tetrahydrofuran-10%, water mixture to give the ketones. 

The reaction appears to offer a new and general route to ketones. See the 
discussion of the hazards involved with the use of the Corey-Chaykovsky 
reagent in the chapter on Carboxylic Acids. 

The preparation of acetophenone given below, while not the most con- 
venient method of preparing acetophenone, is representative of the technique 
employed. 


4-1, Preparation of Acetophenone by the Cleavage of -Keto Sulfoxides De- 
rived from Esters [100] 
CesHsCOOC.H; + 2CHsSOCH, 
—> CcH,cocu,socn, “/##*™°, c.cocH, (35) 


Preparation of «-(methylsulfinyl)-acetophenone [101]. To a flask containing 
50 ml of refluxing tert-butyl alcohol is added 2 gm (0.05 gm atoms) of potas- 
sium metal. The flask is cooled to room temperature and 50 ml of dimethyl 
sulfoxide is added. The solution is promptly distilled at about 2 mm Hg while 
heating at 65°-70°C until about 50 ml of dimethyl sulfoxide is distilled at 
about 43°C, Ethyl benzoate (7.5 gm, 0.6 mole) is added dropwise to the resi- 
due. The reaction mixture is agitated by means of a stream of oxygen-free 
nitrogen for 4 hr. The solvent is then removed under reduced pressure while 
heating to 75°C, Water (50 ml) and 100 ml of ether is added to the oily yellow 
residue. The aqueous layer is separated, acidified with hydrochloric acid to 
pH 5-6, and extracted with five 200 ml portions of chloroform. Evaporating 
the chloroform yields a yellow oil. Removal of additional solvent at 2 mm 
leaves a solid residue, which after washing with 100 ml of ether, filtering, and 
drying gives 6.6 gm (72%) of colorless crystals, m.p. 85°C. 

Conversion of w-(methylsulfiny]l acetophenone to acetophenone [100]. To a 
flask containing 2250 ml of a 2% mercuric chloride solution is added 8.9 gm 
(0.33 gm atom) of aluminum foil for a period of 10-15 sec. The amalgamated 
foil is rinsed with alcohol-ether and added immediately to another flask at 
0°C containing 6.6 gm (0,033 mole) of «-(methylsulfinyl)acetophenone and 
400 ml of 10% aqueous tetrahydrofuran. The mixture is heated to the reflux 
temperature for 60-90 min while the reaction is vigorously stirred. The reac- 
tion mixture is extracted with ether, washed with water, dried, concentrated, 
and distilled to yield 4.0 gm (98%) of acetophenone, b.p. 202°C, nj? 1.5339. 


The acylation of f-keto esters to form diacetyl esters which are then 
cleaved to a new f-keto ester [102] occurs in poor yield but an improved 
ammonolysis procedure has been reported [103]. 
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Ketones are readily obtained by the hydrolysis of oximes [104]. Oximes are 
prepared by the reduction of nitroso or nitro compounds using zinc and 
acetic acids [105]. 

The thermal decarboxylation of acids to give ketones is not a preferred 
laboratory method since high temperatures are required and often the method 
can only be successfully applied to the preparation of symmetrical ketones, 
otherwise mixtures are obtained [106, 107]. The pyrolysis of manganese salts 
of acids gives better yields of ketones than the corresponding calcium salts 
[108]. A recent study of the decomposition of ferrous salts of mixtures of 
aliphatic and aromatic carboxylic acids has been shown to lead to good yields 
of alkyl phenyl ketones [109]. 


5. REARRANGEMENT REACTIONS 


The pinacol-pinacolone rearrangement is the most popular rearrangement 
used to obtain ketones from «-diols. Dilute sulfuric acid suffices to cause the 
rearrangement to occur in good yield [110]. 


HOt 
(CHs),COH--COH(CHS), Basalt (CH,)sC—COCH, + H,0 (36) 


This reaction has been extended to aromatic «diols such as benzopinacol | 
[111]. Cyclic «diols undergo ring expansions [112] and also lead in some cases 
to spiro ketones [113]. 

The treatment of l-aminomethylcycloalkanols with nitrous acid gives 
ring-enlarged ketones, This reaction can be viewed as an extension of the 
Demjanov reaction to give a pinacol rearrangement [114]. 


5-1. ae of 3,3-Dimethyl-2-pentanone and 2,2-Dimethyl-3-pentanone 
115] 


CHa CHs CH, 
CHyCH,—C CHy+H30* —> CHyCHy. be CH (erp) 
H OH iar 
CHs 
+ CHsCHy—C—C—CH, 
a7) Ht CH, 


To a flask containing 7.1 gm (0.053 mole) of 2,3-dimethyl-2,3-pentanediol 
is added 100 ml of 50% sulfuric acid which has been cooled to 5°C. The 
mixture is stirred at room temperature for 6 hr, added to about 100 gm of ice, 
and extracted with three 50 ml portions of ether. The combined ether layer is 
washed with 57, sodium carbonate, dried over sodium sulfate, evaporated to 
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give a residue which, upon fractional distillation, gives 4.7 gm (78%), b.p. 
125°-132°C, Vapor phase chromatography indicates a mixture of ketones 
consisting of 837, 3,3-dimethyl-2-pentanone and 17%, of 2,2-dimethyl-3- 


pentanone. 


6. MISCELLANEOUS METHODS 


(1) Condensation of acetonitrile with polyhydroxyaromatic systems to 
yield phenolic ketones [116-118]. 
(2) Catalytic dehydrogenation of secondary alcohols to ketones [119]. 
(3) Oxidation of active methylene groups (activated by carbonyl, double 
bond, aromatic ring, or heterocyclic ring) [120-123]. 
(4) Hydration of acetylenic compounds to ketones [124]. 
(5) Condensation of diazomethane with aldehydes [125]. 
(6) Reduction of «,f-unsaturated ketones to ketones [126]. 
(7) Reduction of phenols to cyclohexanones [127]. 
(8) Decomposition of glycol monoalkyl ethers [128]. 
(9) Thermal decomposition of alkenyl esters of B-keto acids to yield 
y, 5-olefinic ketones [129]. 
(10) Cyclopentenones from lactones [130]. 
(11) a-Ketoacids from acylaminopyruvic acid [131]. 
(12) Pyrolysis of glycidic acids [132]. 
(13) Hydrolysis of gem-dihalides [133]. 
(14) The conversion of acinitroparaffins to ketones [134]. 
(15) Isomerization of vinyl carbinols [135]. 
(16) Acylation of picoline [136]. 
(17) Oxidation of diarylacetylenes to a-diketones [137]. 
(18). Addition of aldehydes to olefins [138]. 
(19) Coupling of ketones to yield y-diketones [139]. 
(20) Hydrolysis of B-Iminonitriles [140]. 
(21) Nuclear acylation of acylamines using phosphoric acid at 180°- 
200°C [141]. 
(22) Free radical addition of aldehydes to fluorolefins [142]. 
(23) Photoisomerization of cyclic ketones [143]. 
(24) Tetramethylcyclopropanone—a photochemical synthesis [144]. 
(25) Oxidation of allyl alcohol with dichlorodicyanoquinone [145]. 
(26) Homotropone [146]. 
(27) Methylene ketones [147]. 
(28) Opening of epoxides with DMSO-BF, [148]. 
(29) Photochemical addition of acyl radicals [149]. 
(30) The oxy-Cope rearrangement [150]. 
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(31) Raney nickel desulfurization of monothioketals [151]. 

(32) Phosphine-catalyzed isomerization of epoxides [152]. 

(33) The reaction of phosphoranes with acid anhydrides to yield acetylenic 
ketones [153]. 

(34) N,N-dimethylacetamide as an acylating agent [154]. 

(35) Decomposition of tetrabutylphosphonium acylates [155]. 

(36) Synthesis of cyclopropenones [156]. 

(37) The reduction of a,f-olefinic ketones [157]. 

(38). The reduction of phenols to cyclohexanones [158]. 

(39) Hydrogenolysis of 1,3-diketone [158]. 

(40) Reduction of haloketones [159]. 

(41) Acylation of resorcinol [160]. 

(42) Acylation of aryl ethers [161]. 

(43) Hoesch synthesis [162]. 

(44) Wittig synthesis [163, 164]. 

(45) «,8-Epoxy ketones yield 8-diketones [165]. 

(46) The Clemmensen reduction of 1,3-diketones [166]. 

(47) Organocadmium compounds react with dibasic acid chlorides to give 
diketones [167]. 

(48) Cyclization of 8-ethylenic acid chloride by stannic chloride [168]. 

(49) The preparation of hindered ketones by a photodecarboxylation 
process [169]. 

(50) The carbonylation of thexyldialkylboranes. A new general synthesis of 
ketones [170]. 
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1. INTRODUCTION 


The common laboratory methods for the synthesis of carboxylic acids arc 
oxidation, oxidation~reduction reactions, carbonation of organometallics, 
condensation reactions, and hydrolysis reactions. 

Oxidation reactions are useful for the conversion of aliphatic side chains of 
aromatic compounds, primary alcohols, aldehydes, ketones, olefins, and a 
combination of one or more of the latter groups to a carboxylic acid. 
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ArCHa 
RCH,OH 

rcH=0 $ ©, Rcoon a) 
R.C=0 

RCH=CH, 


The haloform reaction is a good method for the oxidation of aliphatic 
methyl ketones or of methyl carbinols to carboxylic acids. The reaction is also 
applicable to aromatic methyl ketones and aryl methyl carbinols obtained by 
the Friedel-Crafts reaction and by the Grignard reaction, respectively. 


+ CH,COCI + AIC]; —> COCHs swoci, ~ COOH 
Q 
CHO CHCH a 
Cyr + CHaMgx — Cre eS el 
SS (3) 


Oxidation-reduction reactions such as the Cannizzaro reactions are useful 
for the conversion of aldehydes lacking an a-hydrogen atom to a mixture of 
the acid and alcohol. The reaction is useful in those cases where an acid oxida- 
tion medium would degrade or rearrange the molecule. 

Carbonation of the Grignard reagent and hydrolysis of the magnesium 
halide derivative is one of the most generally applicable laboratory methods 
for the preparation of carboxylic acids, 


RX aK RMgx £2. RcOOMsx “©, RCOOH + MgXOH @ 


where R = aliphatic or aromatic. 
Carbonation of aryl or alkyl lithium compounds also affords carboxylic 
acids in good yields, 


CoHsLi + CO, —> CsHsCOOLi 29. c,H,COOH + LiOH (5) 


Condensation reactions such as the Reformatskii reaction, Perkin reaction, 
malonic ester synthesis, and the Diels-Alder reaction afford acids or their 
esters in good yields. 

The hydrolysis of nitriles in the aliphatic or aromatic series yields carboxy- 
lic acids. This method is useful for the conversion of primary aliphatic nitriles 
and aromatic nitriles to the carboxyl derivative. Since the nitriles are generally 
prepared from primary halides, the hydrolysis of nitriles represents another 
method of converting readily accessible organic raw materials to carboxylic 
acids. 
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0 
HH 
RX + KCN —> RCN aoc Oe RCOO! © 
X—CH,—R—CH,—X + 2 KCN ——» NC-—-CH,—R--CH;—CN 
°o 
Ht or OH- ] 
HO Hod_cu,_R—cH,CoH [e) 


Other hydrolysis reactions are also used to prepare acids from esters, 
amides, acid chlorides, anhydrides, and haloketones, 

More specialized reactions having limited synthetic value in the laboratory 
are listed briefly with references so that the reader may obtain more detailed 
information on the particular reaction. Some of these reactions are of industrial 
importance in the preparation of particular acids. 


2. OXIDATION REACTIONS 
A. Oxidation of Alkyl Side Chains 


The liquid phase oxidation of aromatic alkyl side chains may be affected by 
aqueous sodium dichromate [1, la] or with dilute nitric acid by refluxing the 
mixture for a prolonged period as in the case for the conversion of o-xylene 
to o-toluic acid. The procedure is illustrated in Eq, (8), a reaction which gives 
a 557, yield of o-toluic acid [1, la]. With o-xylene, aqueous sodium dichro- 
mate yields phthalic acid. 


2-1, Preparatio : of 0-Toluic Acid (1a] 


CH, CH, 
oe CH, ©  # COOH 
| HNO.” | | (8) 


In a 5-liter round-bottomed flask are placed 1.6 liters of water, 800 ml of 
concentrated nitric acid, and 400 mt (3 moles) of xylene (90%). A reflux con- 
denser with an outlet to a gas absorption trap is attached to the flask. The 
mixture is refluxed by heating in an oil bath at 145°-155°C for 55 hr. At the 
end of this time the organic layer has settled to the bottom of the flask. The 
hot reaction mixture is poured onto 1 kg of ice, and the precipitate is filtered 
off, washed with cold water, and filtered again. The wet product is dissolved 
by warming in 1 liter of 157, solution of sodium hydroxide. Residual o-xylene 
is separated by an ether extraction. The aqueous layer is then decolorized with 
Norite and acidified with concentrated hydrochloric acid. The crude material 
is recrystallized from aqueous ethanol to yield a tan product melting at 

101°C, in the amount of 218-225 gm (53-55%,). 
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By control of reaction conditions, branched chains rather than linear alkyl 
side chains may be preferentially oxidized. Impurities found in the crude 
product will include intermediate oxidation stages, such as ketones, and the 
products obtained when all side chains are oxidized. A typical example is the 
preparation of p-toluic acid from p-cymene [2]. 


CHs CH; 
0 HNO, (i, O ie; 
aN 


COOH 
CH, CH, 


Catalytic oxidations by oxygen [3] in the liquid phase are used to produce 
aromatic acids in 25-687, from substituted or unsubstituted alkylbenzenes 
using the acetates of cobalt, lead, or manganese as catalysts [4]. Butyric acid 
serves as a solvent for the latter oxidations. Halogens and nitro groups at- 
tached to the aromatic ring are unaffected by the oxidation of the alkyl 
group [I, la] 

o- and p-nitro [5], o-chloro [6], and p-iodobenzoic acid [7] have been pre- 
pared by the oxidation of the substituted toluenes [1, la]. 

The picolines (« and 8) may be oxidized by permanganate to prepare pico- 
linic acid and isonicotinic acid in 45-60%, yields [8-10]. 

The alkyl group does not necessarily have to belong to an aromatic ring in 
order to be oxidized. Oxidation of a methyl group of trimethylacetic acid 
(pivalic acid) by heating for 7 hr with alkaline permanganate gives dimethyl- 
malonic acid [11]. 


CH, 
cx,—t_coox ond C(CH;).(COOH), (10) 
Hy 


B. Oxidations of Alcohols and Aldehydes 


Alcohols and aldehydes can be oxidized directly to the carboxylic acid. In the 
case of primary alcohols, aldehydes are intermediates. The latter are oxidized 
in turn to acids. 


(0) 
RCH,OH OS [RCH=0] 2 RCOOH rath) 


The oxidation of alcohols and aldehydes by potassium permanganate is 
illustrated below by the oxidation of B-ethyl-n-hexanol and «-ethy!-n-hexanal 
in basic permanganate to n-heptane-y-carboxylic acid [12]. 
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2-2. Preparation of u-Heptane-y-carboxylic Acid [12] 
CH,CH,CH.CH,—CH—CH,0H- 


Hs CHA CHACH:CHs— CH COOH q2) 
CH,—CH,CH,CH,-CH—CH=0-; CH, 
H, du, 


(a) By oxidation of p-ethyl-n-hexanol. Potassium permanganate (340 gm) in 
water (3000 ml) is added to a well-stirred mixture of f-ethyl-n-hexanol 
(130 gm) and sodium hydroxide (30 gm) dissolved in water (250 ml). After 
12 hr of'stirring, the mixture is acidified with sulfuric acid and sulfur dioxide. 
The sulfur dioxide is passed through the reaction mixture until the MnO, has 
completely dissolved. The solution is then extracted with ether. Upon evapora- 
tion of the ether solution, the residue consisted of: n-heptane-y-carboxylic 
acid (107 gm, 74%); bp. 119°-121°C (14 mm), a}? 1.4255. 

(6) By oxidation of «-ethyl-n-hexanal. Potassium permanganate (150 gm) in 
water (2.5liters) is added to a well-stirred mixture of a-ethyl-n-hexanal (128 gm), 
sodium carbonate (23 gm), and water (300 ml). After 7 hr of stirring, 2-hep- 
tane-y-carboxylic acid (113 gm, 78%) is obtained by a work-up procedure 
similar to the one given for the oxidation of the corresponding alcohol. 


Silver oxide is perhaps the best reagent for the preparation of pure acids 
from aldehydes. Its advantage is that it does not attack other easily oxidizable 
groups in the molecule. 9-Anthroic acid is prepared from the corresponding ~ 
aldehyde in 72% yield using this method [13]. An alternative method for 
preparing this specific compound is also given below (Procedure 7-3). 


2-3, Preparation of 9-Anthroic acid [13] 
CH=O0 COOH 


CSC wane © Ome. 


A mixture of 18 gm of silver nitrate in 300 ml of 50%, ethanol to which has 
been added 8 gm of sodium hydroxide is refluxed with 10.3 gm (0.05 mole) 
of anthraldehyde for 4 hr. After dilution with two volumes of hot water and 
filtration, the hot filtrate is acidified to yield 8 gm (72%,) of the acid, m.p. 
204°-206°C. 


Sulfuric acid-potassium dichromate can also be used to oxidize aldehydes 
to acids, as is illustrated by the oxidation of furfural to furoic acid [14, 14a]. 
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2-4. Preparation of Furoic Acid [14] 


( L anol L COOH a) 
o 0 


In a round-bottomed flask equipped with a mechanical stirrer, dropping 
funnel, and reflux condenser, is placed 100 gm of furfural, 100 gm of potas- 
sium dichromate, and 10 gm of water. On a steam bath the flask is heated to 
100°C while a mixture of 200 gm ofisulfuric acid and 100 gm of water is added 
during 30-45 min. The heat of reaction is such that the steam bath is removed 
after a short time. When reaction is complete, the reaction mixture is cooled 
and nearly neutralized with sodium hydroxide. Then it is completely neu- 
tralized with sodium carbonate. The chromium hydroxide which is filtered 
off weighs 56 gm after drying. The filtrate is made acid with sulfuric acid and 
the dark brown precipitate of furoic acid is filtered. More furoic acid is ob- 
tained by concentrating the filtrate. One hundred and five grams of crude 
material is collected. The product is recrystallized from water to yield 87 gm 
of white crystals of furoic acid (75%), m.p. 131.5°C. 

An alternative procedure for the preparation of furoic acid by oxidation 
of furfural with hydrogen peroxide in pyridine has recently been reported 
{14a}. 


C. Catalytic Oxidation with Oxygen 


The direct, catalytic oxidation of an alcohol with oxygen has much to re- 
commend it in terms of simplicity of purification of crude products, The excess 
oxidizing agents or reduced products from the oxidizing agent usually present 
when “chemical” oxidizing agents are used, involves the removal of catalyst 
and separation of water (and possibly some hydrogen peroxide) by the sim- 
plest techniques. An example showing the potential scope of this technique is 
the oxidation of a glucopyranoside (a primary alcohol) to a glucoronide (a 
carboxylic acid) [15]. 


2-5. Preparation of 6-Bromo-2-naphthyl-B-D-glucoronide {15} 
6-Bromo-2-naphthyl-f-p-glucopyranoside (I) is finely ground. Ten grams 
of compound (I) and 2.0 gm of platinum black are suspended in 3 liters of 
distilled water with a drop of Dow-Corning Antifoam A. The reaction flask 
is provided with an efficient stirrer and four interconnected gas inlet tubes—- 
one in each quadrant of the apparatus. The mixture is stirred vigorously and 
maintained at 90°-100°C on a steam bath while oxygen is bubbled in. The 
reaction mixture is maintained at a pH of 7 to 7.5 by addition of small 
amounts of sodium carbonate at 15 min intervals. By adjusting the gas flow 
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(OW 0 


Van ‘ Suge +H,O (15) 
OH oH Sy carn 


tt) 


and stirring rate, frothing can be controlled. After approximately 34 hr, the 
solution is filtered to remove the catalyst and unreacted glucopyranoside. The 
filtrate is cooled and evaporated to a volume of 60 cc at reduced pressure at 
50°-60°C. The residue is decolorized with 2 gm of charcoal, cooled to 0°C, 
and acidified with 6N hydrochloric acid to a pH of 2. The precipitated 6- 
bromo-2-naphthyl--p-glucoronide (II) is collected, washed with ice cold 
water and 5 ml of ether. The product is dried in a vacuum oven at 70°C for 
1 hr. Yield 6 gm (54%), m.p. 163°-165°C (dec.). Upon recrystallization from 
ethanol-water, lustrous pink flakes, m.p. 168°-169°C (dec.), are obtained. 


3. OXIDATION OF OLEFINS 


The oxidation of the double bond provides a useful method for the prep- 
aration of several acids. Alkaline permanganate oxidation is frequently em- 
ployed. For example, 3,7-dimethyl-1-octene yields 2,6-dimethylheptanoic acid 
in 45%, yield [16]. 


3-1. Preparation of 2,3-Dimethytheptanoic Acid (16) 


CHe CH, 
cHy—CH—CH,~CHe-~CHy—-CH—CH=CH, + KMnO, + NaHCO, = 
CHs CH; 


| 
CH, —CH—CHs—CHy—CHs—-CH—COOH (16) 


To a solution of 3,7-dimethyl-l-octene (165.5 gm) in acetone (1.3 liters) 
containing 37 gm powdered sodium bicarbonate at 7°C is added powdered 
potassium permanganate in small portions until 700 gm has been added. 
The latter addition takes about 4 hr and the solution is vigorously stirred. 
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After acetone is removed by distillation, 2 liters of water is added followed by 
dilute sulfuric acid and solid sodium bisulfite (400 gm). The resulting clear 
solution is extracted with 500 ml ether. After the ether has been evaporated 
the residue is fractionated to afford a 45% yield of 2,6-dimethylheptanoic acid, 
b.p. 115°C (3 mm). 

The Barbier~Wieland degradation is a classical method for the removal of 
one carbon atom from the chain. Using this method, pentadecanoic acid has 
been prepared in 58% yield from palmitic acid [17]. 


C,H,0H 2 
RCH,COOH =F, RCH.COOC.Hs ME RHC (CHa 8S 
| 
OH 
Crd; 


RCH~:C(CaHo)n —~'> RCOOH (17) 


Djerassi [18] has reviewed a modification of the Barbier-Wieland degrada- 
tion in which three carbon atoms are removed. The olefin is brominated in the 
allylic position with N-bromosuccinimide and the product is then dehydro- 
halogenated to the diene. Upon oxidation, an acid with three less carbon 
atoms is obtained [18]. 


RCHz—CHz—CH=C(CeH5)a wes RCH2CHBr—CH«+C(CyHs), —> 


RCH=CH—CH-=C(CyHy), “> RCOOH (18) 

The ozonization of the olefinic double bond is sometimes employed to 
produce acids, but is not as popular in the laboratory as the other oxidative 
methods. In this procedure, alkaline silver oxide reacts with ozonides at 95°C 
to give acids in good yields. 1-Tridecene produces lauric acid in 94%, yield 
[19]. 

Hydrogen peroxide solutions of 30%, strength are also used to decompose 
ozonides. For example, the ozonide of cyclohexene, decomposed with hydro- 
gen peroxide, affords adipic acid in 60%, yield [20]. With the advent of com- 
mercial ozonization equipment, this procedure should become more popular 
in the laboratory. The ozonization reaction has been reviewed [21]. 

The preparation of 5-methylhexanoic acid by the ozonization of 6-methyl- 
I-heptene and decomposition of the ozonide by acidic hydrogen peroxide 
gives yields which average 677, [20]. 


3-2. Preparation of 5-Methylhexanoic Acid [20] 
CHs 
OQ, 


CH,—-CH—CH,—CH,—CHsCH==CH > 
CHa CHa 


i, 
CHy—CH—CH,—CH,—CH—CH--CHy "> CH¢H—CH,CH,—CH;—COOH 
\ / FSO, 

% rw) 
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A solution of 0.5 mole of 6-methyl-1-heptene in 200 ml of methylene 
chloride is cooled to — 73°C and subjected to a stream of 6%, ozonized oxygen 
at 20 liters/hr, for 12 hr [22]. The solution is added over a } hr period to a 
suspension of 39.5 gm of zinc dust in 300 ml of 50%, acetic acid, contained in 
a | liter flask. A great deal of heat is evolved at this stage. The methylene 
chloride is allowed to distill through the condenser, and caught in a cold re- 
ceiver. The mixture is refluxed for 1 hr, stirred until cold, then extracted 
twice with 200 ml of ether. The ether extract is washed with a solution of 
potassium iodide unti! ail the peroxides have disappeared. This step is said 
to be an essential step to avoid explosions later. The ozonide is dissolved in 
acetic acid and the solution is slowly dropped into a mixture of 114 gm of 30%, 
hydrogen peroxide, 5 ml of concentrated sulfuric acid, and 200 ml of water. 
Behind a shield, cautious heating is applied progressively. This phase needs 
careful attention because the reaction becomes vigorous and requires inter- 
mittent cooling. Refluxing is continued for 2 hr. After cooling to ice tempera- 
ture, extraction with ether is performed. The ether layer is then extracted with 
a solution of sodium hydroxide. The latter is acidified, extracted with ether, 
dried, and distilled. The acid is collected at 200°-210°C. Redistillation yields 
a fraction b.p. 204°-207°C (752 mm). 2? 1.4220, d?° 0.9162: amide m.p. 99.5° 
100°C; p-bromophenacyl ester m.p. 72.5°-73°C. The yields average 67%. 


Cycloolefins react with ozone in an aqueous emulsion in the presence of 
alkaline hydrogen peroxide to give u,w-alkanedicarboxylic acid in a one-step 
process in good yields. The method is illustrated by the preparation of homo- 
phthalic acid (90%) from indene [23]. 


3-3. Preparation of Homophthalic Acid |23| 


© ene 
a | J + H,O, + NaOH + Emulsifier + 0, —> 


COOH 
aan | (20) 
S 7> CH:COOH 


The ozone is generated by an electric discharge in an oxygen stream, using 
a Welsbach T23 ozonator. Its concentration in oxygen, which serves also as a 
carrier gas, averages 2.8-3.0 wt. The ozone output of the generator is de- 
termined by percolation of the ozone-oxygen mixture through a 2% potas- 
sium iodide solution within a timed period: the amount of liberated iodine is 
titrated with 0.1 N thiosulfate solution. The generator is calibrated for a 
fixed gas flow rate, pressure, and discharge Voltage for the number of grams 
of ozone per hour. 


§ 4. Oxidation of Ketones and Quinones 205 


An emulsion of 80 gm of indene in 600 ml of distilled water is established 
by the addition of the hydrocarbon and | gm of the Brij 30 emulsifier to the 
well-stirred aqueous phase in an indented three-necked 1500 ml reaction 
flask. The reactor provided with a high-speed stirrer, a gas inlet tube, gas vent, 
and thermometer are placed in an ice bath to maintain the reaction tempera- 
ture at 10°C. A saturated aqueous solution of 56 gm of sodium hydroxide 
(2 mole equiv.) and 142 gm of 30%, hydrogen peroxide (1.5 mole equiv., 
0.5 mole excess} is added and ozone is introduced into the vigorously stirred 
emulsion. 

The reaction is interrupted after the absorption of 23 gm of ozone, leaving 
25 gm of indene in excess as a safety margin for the prevention of over- 
ozonization. Addition of 15 gm of sodium chloride, after one additional hour 
of stirring, accelerates the deemulsification, allowing some peroxy polymers 
and excess indene to separate from the aqueous phase. Acidification of the 
clear aqueous solution with hydrochloric acid precipitates the homophthalic 
acid, which is filtered, washed with water, and dried at 70°C and 60 mm. The 
weight of the crude homophthalic acid is 80 gm (90%), m.p. 173°C. Steam 
distillation of the peroxy polymer-indene mixture yields 16 gm of indene. 
Acidification of the residual solution yields another 6 gm of homophthalic 
acid and 5 gm of homophthalide. 

In the absence of hydrogen peroxide under similar conditions 38 gm of 
crude homophthalide and 42 gm of crude homophthalic acid are isolated. 

In the case of the formation of water-soluble carboxylic acids, the acidified 
aqueous reaction phase is evaporated to dryness, and the residue—a mixture 
of sodium chloride and carboxylic acid—is extracted with anhydrous ethanol. 
Evaporation of the solvent leaves the crude acid, which is purified either by 
washing with ether, by recrystallization, or by esterification and distillation. 

The choice of emulsifying agent is limited by the strong oxidizing condi- 
tions. Polyoxyethylated lauryl alcohol, Brij 30, is recommended. 


4. OXIDATION OF KETONES AND QUINONES 


In most cases the oxidation of ketones yields the acid derived by cleaving 
the compound jnto two acids. Lower acid by-products are neglected and the 
acid of higher molecular weight is usually of interest. For example, trimethyl- 
acetic acid (pivalic acid) is prepared in 75% yield by the oxidation of pina- 
colone using chromic anhydride in aqueous acetic acid [24]. 


4-1, Preparation of Trimethylacetic Acid [24] 


(CHajp—C—-C—CH, S027 SH SOPHO, (Cy, c-COOH 2D 
| 
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Pinacolone (2.9 moles) is dissolved in 150 ml of glacial acetic acid and added 
to a flask equipped with a stirrer, dropping funnel, and thermometer. Two 
moles of chromic anhydride (200 gm) is dissolved in 100 ml of water and 
250 ml of glacial acetic acid is added when solution in the water has been 
completed. The chromic anhydride solution is added dropwise to the ketone 
over a period of 5 hr at a temperature of 100°C. Oxidation did not proceed at 
50°C or 80°C. The reaction mixture is diluted with 2 liters of water and neu- 
tralized. The mixture is then steam-distilled and the isolated material frac- 
tionated to yield 75%, trimethylacetic acid, b.p. 164°C (760 mm); anilide m.p. 
and mixed m.p. 129°C; and 18% unreacted ketone. No tert-butyl alcohol is 
detected. 


Adipic acid is obtained in 60%, yield from the oxidation ofi cyclohexanone 
using nitric acid and a vanadium pentoxide catalyst [25]. 


(0) 
9 ° | 


|| C.OH 
HNO, alee Pen 


The oxidation of phenanthraquinone by chromic acid yields diphenic acid 
in 70-85%, yields [26, 27]. 


4-2, Preparation of Diphenic Acid 


oe: Nes 
K,CrO, + HaSO, 
a “or HiOs + HOAC” 23) 
oe eee 


Diphenic acid has been prepared by Bischoff and Adkins [27] using the 
Schmitz method [28]. 

To a cold solution of 200 gm of! potassium dichromate, 500 gm of water, 
and 300 gm of concentrated sulfuric acid is added 50 gm of phenanthra- 
quinone. The mixture, in a round-bottomed flask fitted with an air condenser, 
is cautiously heated for 1 hr to avoid oxidation to carbon dioxide and water. 
The reaction mixture is then maintained between 105° and 110°C for approxi- 
mately 20 hr with occasional agitation. The reaction mixture is then cooled, 
poured into cold water, and the precipitated product filtered off. By repeated 
washes with cold 57, sulfuric acid the product may be substantially freed of 
excess oxidizing agent and reduced side products. The product is then washed 
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and recrystallized from water or glacial acetic acid. Yield, 85%, m.p. 229°C 
(uncorrected). 

Note: Roberts and Johnson [29] recommend that commercial phenanthra- 
quinone be free from chromium compounds and that it be allowed to stand 
for several hours in concentrated sulfuric acid prior to oxidation. They also 
claim that sodium bichromate afforded a better yield of product than the 
potassium salt. 


o-Keto acids are oxidized in a basic solution of 30% hydrogen peroxide to 
carboxylic acids with one less carbon atom. For example, m-chlorophenyl- 
pyruvic acid is oxidized to m-chlorophenylacetic acid in 57% yields [30]. 


4-3. Preparation of m-Chlorophenylacetie Acid [30] 


CH,COCOOH CH,COOH 
aoe, : + CO, + HO (24) 
cl cl 


Six grams of m-chlorophenylpyruvic acid is dissolved in a solution of 
8.0 gm of sodium hydroxide in 25 ml of water. Ten grams of ice is added and 
then the slow addition of hydrogen peroxide solution is begun (7.5 gm 30% 
hydrogen peroxide in 15 ml of water) with cooling and shaking, After stand- 
ing 5 hr the solution is cautiously acidified with hydrochloric acid, and, while 
still warm extracted with benzene. The extract is dried and the benzene is 
evaporated. Upon recrystallizing from aqueous ethanol there is obtained 
3.0 gm of large pearly leaflets, melting at 74°C (57%). 


A. The Haloform Reactions 


Acetyl groups and methylearbinols are converted to carboxyl groups by 
substitution of the three hydrogens of the methyl groups by halogen which is 
subsequently hydrolyzed. 


RCOCH; + 3 NaOH + 3 Xz —> [RCOCXs] + 3 HzO + 3 NaX 


NOH, RCOONa + CHX (25) 
In order to ensure good yields it is desirable that no similarly replaceable 
hydrogens be present in the R group. However, methylene groups are not 
easily affected by the reagents since 6-phenylisovaleric acid is obtained in 
84%, yield from 4-methyl-4-phenyl-2-pentanone [31]. 

The reagents that are used for the haloform reaction are chlorine in sodium 
hydroxide at 55°-80°C [32-34], aqueous sodium or potassium hypochlorite 


208 9. Carboxylic Acids 


[35], commercial bleaching agents [36], iodine in sodium hydroxide, and 
bromine in sodium hydroxide at 0°C, which is illustrated below for the con- 
version of 4,4-dimethylpentanone-2 to tert-butylacetic acid [37]. 


4-4, Preparation of tert-Butylacetic Acid |37] 
CHs 
cu,-¢—cHe—-c—cH + 4 NaOH + Bry ——~> 


CHs 


CH,—¢—CH.COONa +3H,O + 3 NaBr + CHBrs (26) 
HOt, Ha 
(CH3)s3CCH,COOH 


To a flask containing | kg of ice and a solution of 525 gm of sodium hydrox- 
ide in 2 liters of ice water is added 240 ml of bromine (4.75 moles) from a 
dropping funnel during | hr. Following the preparation of sodium hypo- 
bromite, 171 gm of 4,4-dimethylpentanone-2 is added during about 10 min, 
The solution is stirred for 14 hr and then it is steam-distilled. Stirring is con- 
tinyed during the distillation to prevent bumping. The distillate comprises 
about 600 ml of water and 175 gm of a mixture of bromoform and carbon 
tetrabromide. The residue from the steam distillation is acidified with 600 ml 
of concentrated sulfuric acid. Steam distillation yields 151 gm of an oil. 
Ether extraction of the distillate yields 17 gm of an additional portion of the 
oil. Fractional distillation of the oil gives 155 gm of tert-butylacetic acid 
(89%), b.p. 96°C (26 mm); m.p. 6°-7°C; nP? 1.4096. 


Another example of the haloform reaction is the oxidation of propiophenone 
to benzoic acid in 96%, yield [38]. 


4-5. Preparation of Benzoic Acid {38] 


Oo 
—d 
CoHs—C—CH,—CHs + NaOBr -—> C,H;~-COOH + CHBra Q7) 


To 300 ml of a rapidly stirred sodium hypobromite solution (0.512 mole) 
at 22°C is added 20.1 gm (0.15 mole) of propiophenone over a 5 min period. 
Stirring is rapid so that the solution exists as an emulsion throughout the reac- 
tion. Best yields are obtained under these conditions. Stirring is continued for 
24 hr and the mixture kept at 24°-25°C by immersing the flask in an ice bath 
when necessary. The unreacted hypobromate is destroyed with sodium bi- 
sulfite and the basic solution is extracted with ether to remove the unreacted 
ketone. Acidifying the aqueous phase with concentrated hydrochloric acid 
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yields 17.6 gm (96%) of benzoic acid, m.p. 121.5°~-122°C alone and when 
mixed with an authentic sample. 


B. Willgerodt Reaction 


The Willgerodt reaction is useful in the preparation of arylacetic acids and 
amides from substituted methyl ary] ketones or vinyl aromatic compounds. 
The aliphatics and acetylenes give lower yields. The conversion is effected by 
heating aromatic compounds at 160°-200°C in an aqueous solution under 
Pressure using ammonium polysulfide [39, 40]. In the Kindler [41] modifica- 
tion, the ketone or styrene is refluxed with a mixture of sulfur and an amine, 
usually morpholine, to give a thioamide, ArCH,CSNR;. 


RCOCHs 
RCH=CHz| ~—> RCHsCSNHs ——> RCH,COOH (28) 
RCH=CH 


Schwenk and Block [42] also suggested the use of morpholine as an amine, 
which permitted operations in ordinary laboratory equipment. The reaction 
appears to be quite general for aromatic monomethy] ketones. Substitutions 
such as nitro, amino, hydroxy, or second acetoxy groups interfere with the 
standard reaction, probably because these functional groups are capable of 
reacting with sulfur, polysulfides, or other components of the reaction mix- 
ture, 

A typical example of the Schwenk and Block procedure for the preparation 
of p-methoxyphenylacetic acid is given by Solmssen and Wenis [43]. 


4-6. Preparation of p-Methoxyphenylacetic Acid |43] 

In a hood, a mixture of 879 gm (5.86 moles) of p-methoxyacetophenone, 
281.5 gm (8.79 moles) of morpholine, and 281.5 gm (8.79 moles) of flowers of 
sulfur is refluxed overnight with efficient stirring. 

The warm reaction mixture is poured into 1 liter of warm absolute ethanol 
containing 2% benzene. A crop of the thiomorpholide separates on cooling. 
Evaporation of the mother liquor affords additional quantities of material. 
Total yield 1173 gm (80%). 

All of the thiomorpholide is refluxed overnight with 13.2 liters of a 107, 
solution of potassium hydroxide in water (hood). The reaction mixture is the 
cooled and acidified to a pH of 3 to 5. Approximately 570 gm of crystalline 
product separates. 

The product is dissolved in hot ethanol containing 27% benzene, treated 
with activated charcoal, filtered, and precipitated by cautious addition of 
distilled water to the boiling alcohol solution until a slight cloudiness appears. 
Upon cooling, 474 gm of product is obtained. Yield 497. 
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° H,C—CH, 
f \ ii / AN 
CH,O~ C—cH, + NH +S — 
— H,C —CH, 
; Hie Che (29) 
cuo{ \—cue p+ tio 
He—cH, 
S H,C--CH 
iN ge Ne 
€H,0 CHiN + KOH + HO — 
= H,c—CH, 


° 
il He cH, 
CHO CH,—C—OK + | | + HS (30) 


HC. CH, 
NH 
? 
cuo-(_\-ci,-€-oK + HCl—> 
G1) 
cuo-(_\-cnscout + KCl + HO 


A more recent modification of the Willgerodt reaction describes the pre- 
paration of acids from aromatic hydrocarbons using aqueous base and sulfur 
[44]. An example is the preparation of isophthalic acid from m-xylene using 
aqueous ammonia, sulfur, and water. 


4-7. Preparation of Isophthalic Acid [44] 


CHa COOH 
+ NH,OH + H,O +S — (32) 
CHs COOH 
(after acidification) 


A 2,5 liter autoclave is charged with 42.5 gm (0.4 mole) of m-xylene (98%), 
243 gm of 28%, acqueous ammonia (4 moles of NH,), 250 g of water (23.6 
moles H,O), and 96 gm (3.0 gm atoms) of sulfur, and heated to 316°C before 
shaking is begun. After 30 min, the maximum pressure of 176 atm is obtained, 
indicating completion of the reaction. Shaking is continued an additional 
5 min. Steam distillation of the reaction mixture removes hydrogen sulfide 
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and ammonia and reduces the pH to 7. No xylene is recovered. Sulfur from 
the polysulfide decomposition is filtered off and 2 moles of sodium hydroxide is 
added to saponify amides. The solution is steam-distilled until the vapors 
test neutral to moist pH paper, and the remaining solution of nonvolatiles is 
adjusted to pH 7 with dilute hydrochloric acid. Further acidification gives, 
after thorough washing and drying, 57.0 gm (86%) of isophthalic acid, neutral 
equivalent 82.9. 


5. BIMOLECULAR OXIDATION-REDUCTION REACTIONS 


Aldehydes that lack an o-hydrogen and therefore cannot undergo an aldol 
condensation, undergo the Cannizzaro reaction in the presence of a strong 
base, giving the alcohol and the corresponding carboxylic acid, Furfural in 
the presence of sodium hydroxide yields 72-76%, furfuryl alcohol and 73-76%, 
furoic acid upon acidifying [45, 45a, b]. 


5-1. Cannizzaro Reaction: Preparation of Furoic Acid [45] 


2 IL —L J + 
97 CHO + NUOH 7 HOH TK 7 C00Ne (33) 


One kilogram (10.4 moles) of redistilled furfural is placed in a flask which 
is surrounded by an ice bath and cooled to 5°-8°C. While stirring 625 gm of 
33.3%,0f sodium hydroxide (5.2 moles) is added dropwise at such a rate to 
keep the reaction temperature below 20°C. After the addition, the mixture is 
stirred for an additional hour, The mixture is cooled to 0°C and pressed as 
dry as possible on a suction filter. The sodium 2-furancarboxylate is trans- 
ferred to a beaker. triturated therein with a 200-250 ml portion of cold water, 
cooled to —5°C and again filtered. The trituration of the solid with water is 
repeated. 

The combined filtrates are distilled at 25 mm nearly to dryness using a 
heating bath, the temperature of which is kept below 145°C, The water is 
distilled away under vacuum and the residue of furfuryl alcohol is shaken with 
sodium bisulfite solution to remove any remaining furfural. Fractionation 
yields 367-390 gm (72-76%,), b.p. 83°C (24 mm), #3! 1.4869. 

All the solid residues (sodium 2-furancarboxylate) are dissolved in warm 
water and filtered from a small amount of dark insoluble material. The filtrate 
is acidified with concentrated hydrochloric acid, cooled to 0°C and filtered. 
The solid is washed twice with a little ice water and dried. A yield of 420- 
440 gem (73-76%) of white furoic acid is obtained, m.p. 132°C (recrystallized 
from carbon tetrachloride). 
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The reaction of o-diketones with strong bases yields the rearranged a- 
hydroxy carboxylic acids. This reaction is known as the benzilic acid re- 
arrangement and is illustrated below using benzoin [46]. 

5-2, Benzilic, Acid Rearrangement [46] 
CsH;C—CH—C.Hs + NaOH + NalOs > [es C c id > 
Oo OH 0 


(cottosc—Con (34) 
HH 


To a solution of 20 gm of sodium hydroxide and 7 gm of sodium iodate in 
hot water is added 20 gm of benzoin. The mixture is stirred and a purple 
color becomes evident. The mixture is heated while being stirred until the 
purple color fades and then sufficient water is added to dissolve the solids and 
form a clear solution, Concentrated hydrochloric acid is added and the iodine 
and traces of benzoic acid are expelled by boiling. On cooling, the solution is 
filtered, and 20 gm of dry crude benzilic acid is obtained. Recrystallization 
from benzene yields 18 gm (90%) of benzilic acid. 


In the above example benzoin is oxidized directly to benzilic acid via the 
benzil intermediate. A similar rearrangement occurs when «-epoxy ketones 
are refluxed with 307% aqueous sodium hydroxide [47]. 


6. CARBONATION OF ORGANOMETALLIC REAGENTS 


Carbonation of the Grignard reagent and organometallic compounds is a 
useful laboratory method for the conversion of most halides to acids con- 
taining one additional carbon atom. One technique involves pouring the 
ether solution of the organometallic into excess crushed Dry Ice [48]. Carbon 
dioxide is sometimes required for tertiary Grignard reagents [49]. A low 
temperature and rapid stirring produce high yields of acids [50]. The main by- 
products are symmetrical ketones and tertiary aleohols formed by the reac- 
tion of the organometallic compound with the carboxylic acid salt. Jetwise 
addition of the organometallic compound to excess powdered Dry Ice greatly 
reduces the amount of these products [51, 52]. Yields range from 50%, to 85, 
of the carboxylic acids. Of the other organometallic reagents the lithium and 
sodium derivatives have been the most popular and have also given good 
yields of carboxylic acids under suitable conditions, ; " 

The carbonation of the Grignard reagent has advantages over the procedure 
involving hydrolysis of nitriles since the latter is applicable only to primary 
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halides if reasonable yields are to be obtained. The Grignard method has 
limitations since tertiary acids above dimethylethylacetic acid cannot be pre- 
pared by carbonation of the appropriate Grignard compounds since the 
latter reagents prepared from higher halides react abnormally yielding mix- 
tures of alkanes and alkenes. The Wurtz type of Grignard reagent coupling 
becomes increasingly more important as higher halides are involved [53]. 


6-1. Grignard Reagents: Preparation of a-Methylbutyric Acid [54] 


CaHsCHCICH, + Mg —> CsHe—CH(MgC)CH, = 


CsHs—CH(COOH)CHs = (35) 
see-Butylmagnesium chloride is prepared in 400 ml of ether from 13.4 gm 
(0.55 gm atom) of magnesium shavings and 46 gm (0.5 mole) of sec-butyl 
chloride. A stream of carbon dioxide is passed through the solution at —5° 
to —12°C. After 14 hr the temperature drops from —5° to —12°C and does 
not rise on increasing the flow rate of carbon dioxide. The drop in tem- 
perature is taken as the end point for the carbonation. The reaction mixture 
is hydrolyzed with 500 ml of 25%, sulfuric acid while cooling with ice. The 
water layer is extracted with ether, the ether washed with 150 ml of 257%, 
sodium hydroxide solution, and the aqueous layer is acidified to yield an oil 
which is separated. The acid is distilled to yield the product at 173°-174°C, 
39-44 gm (76-86%, based on sec-butyl chloride used). 


6-2. Lithium Reagents: Preparation of Fluorene-9-carboxylic Acid [54] 


OSes. 


COOLi 


A solution of 1 mole of n-butyllithium in 500 ml of ether is treated portion- 
wise with 0.75 mole of fluorene. The solution turns an orange color accom- 
panicd by vigorous evolution of butane, The mixture is refluxed for 1 hr and 
then poured jetwise onto crushed Dry Ice. As soon as the mixture warms up 
to room temperature, the unreacted lithium is skimmed off and 2 liters of 
water is added cautiously. The insoluble residue is filtered off and the organic 
layer is extracted three times with 300 ml portions of lukewarm 2% sodium 
hydroxide. Acidification of the combined aqueous solutions precipitates the 
desired acid. The yield is 118 gm (75%), m.p. 228°-230°C, based upon 
fluorene. 
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6-3. Sodium Reagents: Preparation of Fluorene-9-Carboxylic Acid [54] 


Aen FOS 


COONa 


Phenylsodium is prepared by heating a mixture of 11.5 gm (0.5 atom) of 
powdered sodium with 22.5 gm (0.2 mole) of chlorobenzene and 200 ml of 
thiophene-free benzene under a nitrogen atmosphere at 60°-65°C until the 
reaction starts. The reaction is only mildly exothermic as evidenced by a small 
rise in temperature after removing the heating bath. The induction period 
generally requires 30-50 min. The stirred mixture is held at 50°-55°C for 2 hr, 
At once 28.9 gm (0.174 mole) of fluorene is added and the mixture is refluxed 
for 2 hr. The reaction mixture is then cooled to room temperature and 200 ml 
of ether is added. Then the mixture is carbonated by pouring it jetwise over 
Dry Ice. The excess sodium is destroyed by the addition of 100 ml of 50% 
alcohol. The solution is diluted with 300 ml of water and undissolved material 
is filtered off. The organic layer is separated and extracted three times with 
300 ml portions of lukewarm 2% sodium hydroxide. Upon acidification of 
the combined aqueous solution 21.5 gm of the acid is isolated, m.p. 227°C, 


It has recently been reported that the Corey~Chayakowski reagent (sodium 
hydride in dimethyl sulfoxide, also called “‘ Dimsyl sodium”) metalates cer- 
tain reactive hydrogen compounds. Thus treatment of acetophenone or 
phenylacetylene with this reagent, following by treatment with Dry Ice, 
yielded benzoylacetic acid and phenylpropiolic acid, respectively [54b]. The 
reagent also provides as a rapid saponification system for esters, Further 
exploration of its applicability to various synthetic operations would be of 
great interest. In this connection, the reader's attention is directed to a report 
of a violent explosion when a scale-up of a C-methylation of isoquinoline 
was attempted with this reagent [54c]. It has been reported [54d] that when a 
solution of the DMSO anion was held at elevated temperatures for a long 
time the anion decomposed at 70°-80°C, producing the methyl sulfinate ion, 
sulfide ion, and other products. This decomposition was exothermic and was 
accompanied by formation of a precipitate. The accumulation of the precipi- 
tate produced a soft gel and at this time the temperature abruptly rose to 
40°-85° above the bath temperature and then dropped again, showing no 
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further exotherm. Therefore, it is suggested that when preparing DMSO 
anion that the reaction be vigorously stirred in a heating bath so that the 
cooling effect of the bath is available if the reaction is held long enough to 
encounter the abrupt temperature rise. 


7. CARBOXYLATION OF THE AROMATIC NUCLEUS 


Heating the alkali salts of resorcinol and o-naphthol with carbon dioxide 
gives excellent yields of the carboxylic acids (Kolbe~Schmitt reaction) [55, 


55a, 56]. 
ONa OH 
OCe- “es 


When salicylic acid is heated to 240°C with potassium carbonate an 80% 
yield of p-hydroxybenzoic acid results because of a carboxyl group migra- 


tion [56, 57]. 
OH OH 
COOH 
+ KgCO, —> G9) 
| 
COOH 


7-1. Kolbe~Schmitt Reaction: Preparation of ®-Resorcylic Acid (55) 
OH COOH 


co. OH 
afar (40) 
OH 


OH 


To a 5 liter flask equipped with a reflux condenser, is added a solution 
containing 200 gm (1.8 moles) of resorcinol, 1 kg (9.9 moles) of potassium bi- 
carbonate (or sodium carbonate in equimolar amount), and 2 liters of water. 
The mixture is heated slowly at 80°-100°C in an oil bath for 4 hr. Then the 
temperature of the bath is raised so that the contents reflux vigorously for 
30 min while a rapid stream of carbon dioxide is passed through. 

The hot solution is acidified by adding 900 ml of concentrated hydro- 
chloric acid from the dropping funnel, connected to the gas inlet tube reach- 
ing the bottom of the flask. 
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After cooling to room temperature the flask is chilled in an ice bath. The 
resorcylic acid crystallizes in colorless prisms, which, on exposure to air may 
turn pink due to free resorcinol. The crude yield is 225 gm. Extraction of the 
filtrate with ether yields an additional 35 gm of crude resorcylic acid. The 
crude resorcylic acid (260-270 gm) is dissolved in 1 liter of boiling water, 
boiled with 25 gm of Norite, filtered, and cooled in an ice-salt water bath. The 
solution is stirred vigorously and the crystalline product is obtained. Yield 
160-170 gm (57-60%), m.p. 216°-217°C. 


A. Friedel-Crafts Reaction 


The Friedel-Crafts reaction with maleic anhydride and benzene proceeds 
quite readily, Careful attention to details in the preparation are required to 
avoid prolonged contact of the product with aqueous hydrochloric acid which 
gives rise to B-benzoyllactic acid, while prolonged treatment with aqueous al- 
kali affords acetophenone. Inhalation of 8-benzoylacrylic acid dust must be 
avoided because of its sternutatory action. 


7-2. Preparation of ®-Beazoylacrylic Acid {58} 


HC—co 

O | Y alch, OC ie: ap 
+ — 
HC—CO 


To a mixture of 200 ml of anhydrous, thiophene-free benzene and 49 gm 
(0.5 moles) of maleic anhydride at room temperature, 132 gm (1 mole) of 
aluminum chloride (J. T. Baker, granular, anhydrous C.P. grade) is added in 
small portions. The reaction temperature rises to 40°-45°C and is maintained 
at this level during the addition. Then the reaction mixture is heated on a 
steam bath for 2 to 3 hr, cooled rapidly and added to an excess of ice and 
1:1 hydrochloric acid. The benzene layer is separated and freed of benzene 
by steam distillation. On cooling, the supernatant liquid is decanted from the 
semisolid residue. The crude product is dissolved in 5% sodium carbonate 
solution, filtered, and acidified with efficient cooling. The precipitating solid 
is washed with cold water and dried. Yields as highas 91°, have been reported. 
The product, recrystallized from water, forms a colorless hydrate, m.p. 60°- 
62°C. Recrystaliized from benzene (with minimum heating period) the anhy- 
drous product, m.p. 94°-96°C is obtained. 


Direct introduction of the carboxyl group into the aromatic ring has also 
been accomplished with phosgene and oxalyl chloride [59, 60, 60a]. Thus, for 
example, 9-anthroic acid is prepared in 67% yield from anthracene by heating 
to 240°C with oxalyl chloride in nitrobenzene [60]. 
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7-3. The Use of Oxalyl Chloride: Preparation of 9-Anthroic Acid. {60| 


Certain activated carbon atoms may be conveniently acylated with oxalyl 
chloride to afford an intermediate which is readily decarboxylated to afford 
a carboxylic acid. OCOC! 


CoO E00 
= 
cocl Se 


cococl CO,H 


| 


A mixture of 50 gm of anthracene, 30 ml of oxalyl chloride, and 150 ml 
of dry nitrobenzene is heated at such a rate that only a gentle reflux is ob- 
served at all times. Over a period of 5 to 6 hr the temperature is raised from 
120° to 240°C. After steam distillation to remove the nitrobenzene, 100 ml 
of 10 N sodium hydroxide solution and enough water to make 700 ml of 
reaction mixture is added. The mixture is refluxed for +hr. Insoluble ma- 
terials (from which 11 gm of anthracene can be isolated) are removed by 
filtration, The filtrate is extracted with ligroin (b.p. 30°-60°C), treated with 
activated charcoal, and filtered hot. The charcoal is washed with 2 N sodium 
carbonate solution. Acidification of the combined filtrate and carbonate 
washings gives 41.6 gm (67%) of 9-anthroic acid, m.p. 208°-212°C. 


Carboxylation of benzene is effected in 15-58% yields by treating with 
liquid phosgene and aluminum chloride [61]. 


(42) 


A, 
CoH a CeHsCOC!- AICls ae. CsHsCOOH (43) 
io 


Dimethaniline reacts directly with phosgene to yield aminobenzoic acid in 
50% yield [62]. £,6-Diarylacrylic acids can similarly be prepared using either 
phosgene or oxalyl chloride on 1,1-diarylethylenes [63]. 

7-4. Preparation of ®,8-Dianisylacrylic Acid Using Oxalyl Chloride [63{ . 
CHs0—CeH, 


(COCH 
c=cH, A, 
CH.O—CsH. 
CH,O--CoH. te Nasco, CHO—-CoH 
‘c=cH—cocl =A“ _, ‘C=C_COOH (44) 


CHs0—CoHa CH,0—CeHy H 
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One mole of the 1,1-diarylethylene and 8 to 9 moles of oxalyl chloride are 
refiuxed until the evolution of hydrogen chloride ceases. In the case of 1,1- 
di(p-anisy!)ethylene, the reaction is complete in } hr at room temperature. 

Excess oxalyl chloride is removed under reduced pressure and the sirupy 
residue is stirred into an ice-cold sodium carbonate solution. The acid chloride 
requires | to 2 hr for hydrolysis. 

The mixture is then boiled with a large amount of water (about | liter per 
50 gm of substituted ethylene) to dissolve the sodium salt and to separate it 
from tarry by-products. Charcoal is added and the solution is filtered. Part 
of the sodium salt crystallizes from the cool filtrate and upon acidification 
yields a pure sample of the desired acid. The remainder of the acid is re- 
covered from the filtrate by acidification and purified by recrystallization. 
Dianisylacrylic acid is obtained in 75%, yield, m.p. 142°C. 


The ethylenes containing halogenated phenyl groups were partially con- 
verted to tarry material by a long reflux time necessary to cause them to react. 
Lower yields are obtained in these cases, 

7-5. Preparation of B,B-Dianisylacrylic Acid Using Phosgene {63] 
CHjO—CyHy 
‘C=CHz + COCl, —> 


CH,O—CoH. 
CHs0—-CsH, 1 Nagco, CHsO—CoM, 
c=cucoct =A, CiiC--COOH (45) 
CHsO—CaH” CHO-CH’ oH 


In a hood, with suitable precautions, a slow stream of phosgene is bubbled 
during 10 hr through a solution of 10 gm of 1,1-di(p-anisyl}ethylene in 50 ml 
of benzene. The solvent is distilled off under reduced pressure and the residue 
is dissolved in cold sodium carbonate solution. The sodium salt of the acid 
is dissolved by heating and filtered from the insoluble, neutral material. 
Acidification of the filtrate precipitates 3.5 gm (30%) of 8,8-dianisylacrylic 
acid, m.p. 139°-140°C. 


8. CONDENSATION REACTIONS 
A. Perkin Reaction 


The Perkin reaction is the base-catalyzed reaction of an active methylene 
group of an anhydride and the aldehyde group. Basic catalysts such as the 
sodium salt of the acid corresponding to the anhydride, potassium carbonate, 
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or tertiary amines may be used satisfactorily [64]. This reaction is very useful 
for the preparation of substituted cinnamic acids such as those containing 
halo, methyl, and nitro groups [65, 66]. 

The preparation of 2-methyl-3-nitrocinnamic acid is representative of the 
reaction and its conditions. 


8-1, Preparation of 2-Methyl-3-nitrocinnamic Acid [65] 


CH--0 
wo, * (CHsCHsCO}0 + CHsCH,COONa in, 
7 
cH cH 
fe iv (46) 
Gis COONS CH=C—COOH 
H,O* 
NO, NO, 


A mixture of 75 gm of m-nitrobenzaldehyde, 98 gm of propionic anhydride, 
and 48 gm of sodium propionate is heated at 170°C in an oil bath for 5 hr. 
The reaction mixture is poured into water and saturated sodium carbonate 
solution added to strong alkalinity. The tarry liquid is boiled with decolorizing 
charcoal for 10 min and then filtered. The alkaline mixture is poured into 
dilute hydrochloric acid. A white curdy precipitate results, This is filtered by 
suction and allowed to dry overnight. The crude acid is recrystallized from 
85%, ethanol to give 70 gm of white needles, m.p, 199.5°-200.5°C (corr.). 


B. Knoevenagel Condensation 


The condensation of aldehydes with the active methylene group of malonic 
acid to give «,f- and B,y-olefinic acids is called the Knoevenagel condensation. 
Decarboxylation occurs at room temperature or heating to 100°C to give the 
unsaturated acids [67]. The reaction is catalyzed by pyridine and an example 
is the preparation of 2-hexenoic acid in 647, yield. 

Triethanolamine is the best catalyst for the preparation of 8,y-olefinic acids 
such as 3-hexenoic acid [68]. 


Prritise __ RCH,CH=CH—-COOH 
RCH.CH=0 + CH,(COOH)s 47) 
RCH=CH—CH,COOH 


Triethanolamine 


Substituted benzaldehydes and malonic acids give cinnamic acids in excel- 
lent yields [69]. 
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8-2, Preparation of 2-Hexenoic Acid (70) 


CHyCH,;CH.CH=O + CH.(COOH)s + Pyridine ——> 
CH,CH2CH,CH=CH—COOH (48) 


To 200 gm (1.92 moles) of dry malonic acid in 200 ml of anhydrous pyri- 
dine is added 158 ml (1.75 moles) of freshly distilled n-butyraldehyde. The re- 
action is allowed to proceed at 25°C for 24 hr, at 40°-45°C for an additional 
24 br and finally at 60°C for 3 hr. The reaction mixture is chilled, acidified 
with 6 N sulfuric acid, the nonaqueous phase collected and the aqueous phase 
extracted with three 100 ml portions of ether. The organic layer and the ether 
extracts are dried over calcium chloride, filtered, the solvent removed, and the 
residue is allowed to crystallize at 0°C. The crystals are collected to give 
130 gm (64%) of crude 2-hexenoic acid, m.p, 30°-32°C. 


C. Other Condensation Reactions 


The Knoevenagel reaction is related to the general class of reactions in 
which the condensation of aldehydes with active methylene compounds is 
catalyzed by base. The Claisen condensation is also an example and for one 
typical case may involve the condensation of ethyl acetate and aromatic 
aldehydes catalyzed by sodium sand. Benzaldehyde yields ethyl cinnamate in 
74%, yield [71]. 


Acetic anhydride 


‘Sodium acetate (Perkin) 


Malonic acid 
Pyridine 
Ethyl acetate 


(Knoevenagel-Doebner) ArCH=CH-—COOH (49) 


(Claisen) 


Sodium sand 


The Stobbe condensation is used to condense ketones with diethyl succinate 
by a variety of basic reagents to give isopropylidene succinates [72]. 

Acetacetic ester [73] and pyruvic acid [74] are some other compounds con- 
taining active methylene groups that undergo base-catalyzed condensations 
with aldehydes to give olefinic 8-keto esters and «-keto acids, respectively. 


8-3. Claisen Condensation: Preparation of Ethyl Cinnamate and Cinmamic 
Acid {71} 

CaHsCHO + CH,;COOC,Hs pean C.HsCH=CHCOOC.Hs + H2O (50) 

In a two-necked flask equipped with a reflux condenser and mechanical 

stirrer are placed 400 ml of dry xylene and 29 gm of clean sodium. The 

sodium is melted by means of an oil bath and the stirrer is used to powder 

the sodium under the xylene being careful not to splash any onto the walls of 
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the flask above the solvent. The oil bath is removed and the stirring is con- 
tinued until the sodium powder has been formed completely and no more 
liquid sodium remains. The xylene is decanted and to the sodium is added 
460 ml (4.7 moles) of absolute ethyl acetate containing 3-4 ml of absolute 
alcohol. The flask is quickly cooled to 0°C and 106 gm (1 mole) of pure 
benzaldehyde is slowly (1 to 14 hr) added by means of a dropping funnel. The 
temperature is kept between 0° to 5°C, carefully not exceeding 5°C for the 
best yields. The reaction commences as soon as the benzaldehyde is added, 
as evidenced by the production of a reddish color on the sodium particles. 
The stirring is continued about 1 hr after the addition to complete the reaction 
of all the sodium particles. Glacial acetic (90-95 ml) acid is now added slowly 
and water is cautiously added to the mixture. Care should be exercised in 
hydrolyzing free sodium that has caked on top of the flask. The ester layer is 
separated, and the water layer is extracted with about 25-50 ml of ethyl 
acetate. The combined ester portions are washed with 300 ml of 6 NV hydro- 
chloric acid and then dried with sodium sulfate. The ethyl acetate is distilled 
off and the remaining liquid is distilled under rcduccd pressure to yield ethyl 
cinnamate, b.p. 128°-133°C (6mm), 120-130 gm (68-74%). During the 
distillation a reddish brown semisolid mass sometimes appears in the flask. 
This mass melts down if the oil bath is heated to 220°-230°C and the distilla- 
tion continues smoothly. 
Acid hydrolysis of ethyl cinnamate yields cinnamic acid. 


8-4. Malonic Ester Synthesis: Preparation of Ethyl-v-Butylmalonate |75] 


Monoalkylation of malonic ester occurs with primary and some secondary 
halides in 75-90% yield [75-77]. An example of the reaction is given for the 
preparation of ethyl #-butylmalonic [75]. 


-BuBs 
CH,(COOC,Hz)a + NaOC,Hs —> NaCH (COOC;Hs)2 ———> 
m-Bu—CH(COOC2H.), (51) 


A sodium ethoxide solution freshly prepared from 25 liters of anhydrous 
ethanol and 115 gm (5 gm atom) of sodium is warmed to 50°C and stirred 
while 825 gm of diethyl malonate is added. To the clear solution is added 
slowly 685 gm of n-butyl bromide. The reaction commences almost im- 
mediately and considerable heat is generated. The addition rate is adjusted so 
that the reaction does not become violent. Cooling may be necessary. After 
the addition, the reaction mixture is refluxed until neutral to moist litmus 
(about 2 hr). Then a distillation column is attached to the flask and approxi- 
mately 2 liters of alcohol are distilled off in 6 hr using a water bath. The resi- 
due is treated with about 2 liters of water and shaken thoroughly. The upper 
layer of n-butylmalonic ester is separated and distilled under reduced pressure. 
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First a low-boiling portion is collected, consisting of alcohol, water, and n- 
butyl bromide; then a small intermediate fraction of unchanged malonic ester 
comes over; and finally n-butylmalonic ester boiling at 130°-135°C (20 mm). 
The first fraction amounts to less than 100 ml, while the main fractions weigh 
860-970 gm (80-90%). All the reagents used should be highly purified in 
order to achieve the maximum yield. 


The second hydrogen atom may be replaced by an alkyl group in 60-857, 
yield [78]. Dialkylated esters may be separated from monoalkylated com- 
pounds by refluxing for 2 hr with 50%, potassium hydroxide solution. Under 
these conditions the monoalkyl malonates are saponified whereas the dialky- 
lated compounds are unaffected [79]. The substituted malonic esters are 
saponified and the free acids decarboxylated in excellent yields by refluxing 
with the concentrated hydrochloric acid [80] or by heating to 170°-190°C 
until the evolution of carbon dioxide ceases [76]. Monoalkylmalonic acids 
require lower temperatures to decarboxylate (98°-123°C) [79]. The prepara- 
tion of pelargonic acid is an example of the synthesis of a monoalkylmalonic 
acid [81]. 


8-5. Preparation of Pelargonic Acid [81] 


CHA(COOCHs)2 + C7HisBr + ChHoONa —> 
C7HisCH(COOCHs)2 + CuHpOH + NaBr (52) 


KOH 
CrHisCH(COOCzHs)2 + 2 HzO ——> C;HisCH(CO2K)2 + 2CzHsOH (53) 
C;HisCH(CO,K), + 2 HCl —> C;HisCH,CO2H + COz + 2 KCI (54) 


In a flask is placed 2.5 liters of anhydrous butyl alcohol, and 115 gm of 
small pieces of cleanly cut sodium added one at a time. Stirring may be neces- 
sary to facilitate solution. After the sodium has dissolved completely, the 
solution is cooled to 70°-80°C, and then 800 gm (5 moles) of redistilled ethyl 
malonate (b.p. 135°-136°C/100 mm) is added rapidly with stirring. After 
heating the reaction solution to 80°-90°C, 913 gm (5.1 moles) of pure heptyl 
bromide (b.p. 179°-180°C) is added. The bromide is added slowly until the 
sodium bromide begins to precipitate and then it is added at such a rate that 
the butyl alcohol refluxes gently. Usually about 1 hr is required for the addi~ 
tion of the heptyl bromide. The mixture is refluxed until it is neutral to litmus 
(about | hr). The entire mixture is transferred to a 12 liter flask and a solution 
of 775 gm (12.5 moles) of 90%, potassium hydroxide in an equal weight of 
water is added slowly with shaking. The mixture is heated carefully, with 
occasional shaking, until refluxing starts. The refluxing is continued until 
saponification is complete (about 4-5 hr). The butyl alcohol is steam-distilled 
off. To the residue is carefully added 1350 ml (15.5 moles) of concentrated 
hydrochloric acid, with shaking, and the mixture is refluxed for about 1 hr. 
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After cooling, the water layer is separated and discarded. The oil layer is 
transferred to a 3 liter flask equipped with an air-cooled condenser and heated 
to 180°C by means of an oil bath. In about 2 hr the evolution of carbon 
dioxide ceases, the oil is decanted from a small amount of solid material, 
and is then distilled to yield 525-590 gm (66-75%), b.p. 140°-142°C (12 mm), 
m.p. 12°-12.5°C. If the small amount of solid material is also treated with 
200-300 ml of concentrated hydrochloric acid an additional small amount of 
oil is obtained which is added to the oil to be distilled, 


D. Ethyl Acetoacetic Ester Synthesis 


The alkylation of ethyl acetoacetate with a variety of alkyl halides affords 
intermediates which may be converted to a-alkyl-substituted acetic acids. 
The alkylation itself is widely discussed [82]. A typical preparation is that of 
ethyl n-butylacetoacetate by Marvel and Hager [82]. 

Depending on hydrolytic conditions the alkylation products may be con- 
verted to methyl ketones or acids according to the following reaction schemes: 


ORO co) 
eer ma —_— rie (55) 


or 


oO 


R O 


fe) 
I 
CH, d dd OC,H, —> R—CH: b OH (56) 


R’ 


These two reactions are competitive in nature, and reaction conditions 
must be selected such that the desired product predominates in yield. Generally 
speaking, the concentration of alkali used in hydrolysis appears to have the 
most profound effect on the course of the reaction. Higher concentrations 
of alkali tend to favor acid formation. 

While the temperature of the reaction has an effect on relative yields, this 
effect appears to be slight [83]. Additional research using the statistical de- 
sign of experiments to study simultaneous variation of reaction variable 
would be of considerable interest. 


8-6. Preparation of Caproic Acid {83} 
KOH 
CHsCH2CH,CH2CH-~COsCaHs ap” CHsCHsCH2zCH.CH,—CO2H 


ee) and ° 
CHs CH,CHjCH,CH;CH:C—CHs (57) 
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To a solution of 59.5 gm of potassium hydroxide in 100 gm of an aqueous 
solution maintained at 75°C is added over a | hr period 12.3 gm of ethyl a- 
buylacetoacetate. Heating is continued for 5 hr with efficient stirring. 

The alkaline solution is then diluted with 250 cc of water and the alcohol 
and ketone by-product are distilled off until no more water-insoluble product 
distills over. 

The alkaline residue is then cooled and acidified by careful addition of 50% 
sulfuric acid—care being taken that the mixture does not become unduly hot 
during acidification. 

The caproic acid is then extracted with three 100 cc portions of ether, the 
combined extracts are dried with sodium sulfate, and the ether is distilled off 
on a steam bath. The sodium sulfate may also be extracted a few times with 
anhydrous ether. The crude caporic acid remaining is distilled at reduced 
pressure, the fraction boiling from 105° to 110°C at 16 mm being collected. 
A yield of 64.6% of the theoretical amount of caproic acid is isolated. 


8-7, Arndt-Eistert Rearrangement: Preparation of Biphenyl-2-acetic Acid|83a] 


Acid chlorides are reacted with diazomethane to yield the diazoketone 
which upon reaction with silver oxide rearranges to the next higher homolog 
of the acid. Biphenyl-2-acetic acid is produced in 86%, by the method described 
below [83a]. 


COOH coc 


Cos (coc, Coll, CHAN, 


COCHN, CH,COOH 
f 


“CHs ago CoHs 
‘NayS205 (58) 


Biphenyl-2-carboxylic acid (1 mole) dissolved in dry benzene is treated with 
1.6 mole of oxalyl chloride and kept at 30°C for | hr or until no further evolu- 
tion of gas. The solvent and excess of reagent are removed under reduced 
pressure at 35°C. Ether is added twice and evaporated under reduced pressure 
to ensure the removal of the reagent and hydrogen chloride. The acid chloride 
is added dropwise to an etheral solution of diazomethane (see Chapter 15) 
of equal molarity and then cooled, After keeping the reaction mixture over- 
night at room temperature the ether is removed under reduced pressure. 
A 617, yield of yellow crystals of w-diazo-o-phenylacetophenone is obtained, 
m.p. 106°C (from alcohol). 
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To 0.6 mole of silver oxide in 0.84 mole of sodium thiosulfate in I liter of 
warm water is added a Im dioxane solution of «-diazo-o-phenylaceto- 
phenone, The mixture is stirred for 3 hr at room temperature while an addi- 
tional quantity of freshly precipitated silver oxide (equal in amount to that 
used initially) is added in portions at intervals and the temperature is kept 
at 50°C for | hr. The solution is cooled and filtered and the residue washed 
with a 1% sodium hydroxide solution. This slowly deposits a flocculent pre- 
cipitate upon acidifying. The residue is again treated with about one-half 
the amount of silver oxide used above and worked up as before to yield a 
further quantity of product. The total yield of biphenyl-2-acetic acid is 86%, 
m.p. 116°C (from benzene). 


Wilds and coworkers [83b] have discussed the influence of highly hindered 
acyl chlorides on the Arndt-Eistert synthesis. The diazomethanes derived 
from such acyl chlorides fail to rearrange normally with any of the three con- 
ventional catalysts, silver oxide-methanol, silver benzoate-triethylamine— 
methanol, or tertiary amines-high-boiling solvents. Under special reaction 
conditions abnormal reaction products were isolated. 


E: Strecker Amino Acid Synthesis 


The conversion of a carbonyl compound to an a-amino acid with one addi- 
tional carbon atom makes use of sodium cyanide and ammonium chloride. 
Since sodium cyanide and hydrogen cyanide are involved in the reaction, great 
care in handling is required. Use of hood, gloves, rubber aprons, and gas 
masks are strongly recommended. After the reaction, all pieces of equipment 
used should be carefully cleaned with alkaline potassium permanganate solu- 
tion and plenty of water. 

A typical example of the Strecker synthesis is given in Eqs. (59)-(63) [84]. 


CoHsCOC.H, + NaCN + NH«Cl —> (CaHs)sC(OH)CN + NaCl + NHs (59) 
(CaHs)2C(OH)CN + NHs —> (CaHs)2C(NHa)CN + HO (60) 

Cold 
(CaHs)2C(NHg)CN + HgO + HCl ———> (CaHs)2C(NH2-HCI)CONH2 = (61) 


(CaHs)2C(NHg- HCI)CONH: + HzO + HCl —> 
(CoHs)aC(NH2-HCI)COWH + NH.Cl (62) 


(CaHe)sC(NH2-HCICOzH + + Pb(OH), —> 
(CaHs)aC(NH2)COaH + 4PbCL, +4H2O (63) 
F. Condensation of Active Methylene Compounds with Chioral 


A procedure for producing carboxylic acids with an increase of the carbon 
skeleton by two carbon atoms that has been somewhat neglected in recent 
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years involves an aldol condensation of an active methylene compound with 
chloral, with ultimate hydrolysis of the terminal trichloromethyl group to a 
carboxylic acid or, by variation of the hydrolysis medium, to an ester. One 
problem which must be worked out for each specific application of this reac- 
tion is an evaluation of the exact nature of the acid formed. As indicated in the 
equation, either a substituted acrylic acid, a substituted lactic acid, or a mix- 
ture of both may form. For example, an alternate method for the preparation 
of B-benzoylacrylic acid, described earlier under the Friedel-Crafts reaction, 
is the condensation of acetophenone with chloral to give 1,1,1-trichloro-2- 
hydroxy-3-benzoylpropane followed by hydrolysis to the corresponding acid 
and dehydration [85]. 


ce) i¢) 
cnc—li, + nde, —-> CyHsC—CH:—CH—CCl, ——> 


HH 
CeHeC—CH:—CH—COOH —+» C,H,C—CH=CH—COOH (64) 


OH 


An example originally due to Einhorn [86] and modified recently by 
Tullock and MeElvain [87] is represented in Eq. (65). 


8-8. Preparation of 3-(2-Pyridyl)acrylic Acid (87) 
i A ou 
Je + H-C—ccl, —> | | fF0) 
CH Sy CH,—CH—CCl, 


a 
va oH A 
ae CH,-CH—co,n *4/or oS cH=cH—con ©) 


In a hood, a mixture of 528 gm of chloral and 1050 ml of a-picoline is 
heated at 112°-113°C for 36 to 40 hr. The reaction mixture is then cooled to 
below 95°C and the excess «-picoline is separated by distillation at 10-20 mm 
and at a temperature no higher than 95°C. The black, viscous residue is 
poured into a large beaker while still warm and extracted twice with 400 ml 
portions of Skellysolve (b.p. 100°-140°C), 

The black residue is extracted three times with 800 ml portions of hot water 
containing enough hydrochloric acid to maintain a pH between 3 and 5 at the 
end of each extraction. The acidic solutions are filtered and neutralized with 
sodium carbonate. Additional trichloro base precipitates from this aqueous 
solution as an oil which soon solidifies. The solid is taken up in hot Skelly- 
solve which is combined with the previous Skellysolve extracts. The product 
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may be recrystallized from this solvent and also treated with activated char- 
coal. The yield amounts to 67%. After repeated crystallizations, a white 
Product is obtained, m.p. 85°-86°C. 

Hydrolysis ofi the trichloromethy] derivative in refluxing alcoholic potas- 
sium hydroxide, followed by acidification, affords primarily 3-(2-pyridyl)- 
acrylic acid which may be recrystallized from water, m.p. 202°-203°C, while 
hydrolysis in acid yields 3-(2-pyridyl)lactic acid, m.p, 124°-125°C (from ab- 
solute alcohol). The 3-(2-pyridyl)lactic acid may be dehydrated to 3-(2- 
pyridyl)acrylic acid by heating at 130°-140°C under reduced pressure [86]. 


G. Reformatskii Reaction 


The Reformatskii reaction involves the reaction of the product of an e-halo 
ester and activated zinc in the presence of an anhydrous organic solvent, with 
a carbonyl compound, followed by hydrolysis. The reaction is very similar 
in nature to the Grignard reaction except the carbonyl reagent is added at 
the start. It has been suggested that Grignard reactions might be conducted 
in a similar manner [88]. 

Magnesium has been used in some reactions in place of zinc but poor yields 
resulted since the more reactive organomagnesium reagents attack the ester 
group. With zinc this latter reaction is not appreciable and the organozinc 
reagent attacks the carbonyl group of aldehydes and ketones to give the B- 
hydroxy ester. 

«Bromo esters react satisfactorily but f- and y-derivatives ofi saturated 
esters give poor yields unless activated by an unsaturated group in such a 
manner as to yield allylic bromides [89]. 


8-9, Preparation of Ethyl 4-Ethyl-3-hydroxy-2-octanoate [90] 
n-C,H,—CH—CHO + BrCHCOOCsHs + Zn —> 


me aa OZnBr 
C,H,CH- [—CH—COOCHs (66) 
6 Hy 
OZnBr 
2 C,H.CH—GH—CH—COOC.Hs + HSO, —> 
Hs la 


OH 
2 CH CH—CH-CH—COOCAH + ZnBrz + ZnSO, (67) 
Hs 
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To a flask containing a nitrogen atmosphere are added freshly sandpapered 
zine foil strips, and 750 ml of thiophene-free benzene (dried), To further 
ensure that the flask and contents are dry, 175-200 ml of benzene is distilled 
off, Distillation is interrupted and the benzene is refluxed while a solution of 
64.1 gm (0.5 mole) of 2-ethylhexanal and 271.5 gm (1.5 mole) of ethyl «- 
bromoporpionate in 500 ml of dried benzene is placed in the dropping funnel. 
The first 50 ml of the solution is added to the flask at once. In most cases the 
reaction starts immediately, as evidenced by the darkening of the zinc surface 
and the formation of a cloudy solution. However, approximately 15 min may 
elapse before the reaction starts. When the reaction has started, the remainder 
of the solution is added in about | hr, and the solution then refiuxed for 2 hr 
with continuous stirring. When the solution has cooled to room temperature, 
750 ml of 12 N sulfuric acid is added and the solution stirred vigorously for 
1 hr. The benzene layer is separated and the aqueous layer extracted several 
times with benzene. The combined benzene layers arc washed with 500 ml of 
water, saturated sodium bicarbonate solution, and then with water. The ben- 
zene layer is dried over anhydrous sodium sulfate and the benzene distilled off 
under aspirator pressure. The product at this point is ethyl 4-ethyl-3-hydroxy- 
2-octanoate and is obtained from the distillation in 87%, yield (100 gm.) 
b.p. 122°-124°C (4.9 mm), nB 1.4415. 


H. Diels-Alder Reaction 


The Diels~Alder reaction [91, 91a] is a 1,4-addition of an olefinic compound 
to a conjugated diene. The diene system may be part of an aliphatic, aromatic, 
or heterocyclic nucleus such as furan. The olefinic compound usually contains 
one or more groups which activate the double bond [92] although this is not 
always necessary. For example, ethylene is condensed with butadiene at 200°C 
to give cyclohexene [93]. Triple bonds may replace double bonds in both the 
diene and the dieneophile. Cis addition of the dienophile to the diene occurs 
and several reactions of the above type have been shown to be reversible 
[94]. 

Maleic anhydride condenses with butadiene to give A*-tetrahydrophthalic 
anhydride, The latter can be hydrolyzed to the diacid [95]. 


8-10. Preparation of Tetrahydrophthalic Anhydride |95} 


eee ¢ 
Ho— 2 CH 
ic FeSO a I 
Piet | pos "i va \» — HF ‘Ag —C-on ie 
Ho nec HO. BOW / HC. HC—-C—-0n 
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A flask containing 500 ml of dry benzene and 196 gin (2 moles) of maleic 
anhydride is heated with a pan of hot water while butadiene is introduced 
rapidly (0.6-0.8 liter/min) from a commercial cylinder. The flask is stirred 
rapidly and the heating is stopped after 3-5 min, when the temperature of the 
solution reaches 50°C. In 15-25 min the reaction causes the temperature of 
the solution to reach 70°--75°C. The absorption of the rapid stream of buta- 
diene is nearly complete in 30-40 min. The addition of butadiene is continued 
at a slower rate for a total of 2 hr. The solution is poured into a | liter beaker 
which is covered and kept at 0°-5°C overnight. The product is collected on a 
large Buchner funnel and washed with 250 ml of 35°-60°C b.p. petroleum 
ether. A second crop is obtained by diluting the filtrate with an additional 
250 ml of petroleum ether. Both crops are dried to constant weight in an oven 
at 70°-80°C to yield 281.5-294.5 gm (96-97%, m.p. 99°-102°C). Recrystalli- 
zation from ligroin or ether raises the melting point to 103°-104°C. 


9. HYDROLYSIS OF ACID DERIVATIVES 


A. Hydrolysis of Nitriles 


Nitriles can be hydrolyzed to carboxylic acids by refluxing in concentrated 
solutions of sulfuric acid or sodium hydroxide [96]. For example, a solution of 
potassium hydroxide and ethylene glycol monoethyl ether is used to prepare 
9-phenanthroic acid in 98% yield from 9-cyanophenanthrene [96a]. 


9-1. Preparation of 9-Phenanthroic Acid [96a] 


CN 
g e as Pa (69) 
A 


To a hot solution of 350 gm of 9-cyanophenanthrene in 1400 ml of ethylene 
glycol monoethyl ether is added a solution of 350 gm of potassium hydroxide 
in 160 ml of water. The solution is refluxed while a slow stream of carbon 
dioxide-free air is bubbled through it until 1 ml of 0.1 WV hydrochloric acid is 
not neutralized within 5 min by the exit air carrying the liberated ammonia. 
Approximately 6 hr is required to attain this condition. The solution is cooled 
and poured into a stirred solution of 610 ml of concentrated hydrochloric 
acid in 5250 ml of water. After standing overnight, the precipitated 9- 
phenanthroic acid is filtered off and washed thoroughly with water; yield 
374 gm (98%), m.p. 246°-248°C, After one recrystallization from glacial 
acetic acid, a sample melted at 252°-253°C. 
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Acid hydrolysis has been used to prepare phenylacetic acid in 78%, yield 
[97]. Acids are conveniently prepared from halides by their conversion to 
nitriles and subsequent hydrolysis. The nitrile does not have to be isolated 
[98, 99]. Phosphoric acid (100°%,) is a good solvent for the difficult hydrolysis 
of nitriles [100]. 


B, Hydrolysis of Amides 


Amides may be hydrolyzed by an acid or basic medium. For example, 
a-phenylbutyramide is hydrolyzed by aqueous sulfuric acid to give o-phenyl- 
butyric acid in 90%, yield [101]. 

9-2, Preparation of a-Phenylbutyric Acid [101a] 
CeHs CeHs 
I H,SO, | 
CH;CH,z—CHCONHg 70 > CH,;CHz:—CH—COOH (70) 


A mixture of 600 gm of «-phenylbutyramide, | liter of water, and 400 ml 
of concentrated sulfuric acid is vigorously stirred and boiled with refluxing 
for 2 hr. Another liter of water is added and the mixture is cooled. The oily 
layer is dissolved in 12% sodium hydroxide and the acid precipitated with 
30%, sulfuric acid, separated, and distilled under reduced pressure. The yield 
is 530-554 gm (88-907), b.p. 136°-138°C (3 mm) and m.p. 42°C. 


Sodium hydroxide can also be used to hydrolyze amides. For example, 2- 
and 4-dibenzofurylacetic acid is obtained in 87%, yield by this method {102}. 

Amides that are hydrolyzed with difficulty can be hydrolyzed with some 
success with 100%, phosphoric acid [103]. 

Nitrous acid can also be used to hydrolyze amides. Trialkylacetic acids have 
been made by this method [104]. 


C, Hydrolysis of Esters, Acyl Halides, Anhydrides, and Trihalides 


Hydrolysis of esters is effected by refluxing with aqueous or alcoholic alkali 
hydroxides, Acid-catalyzed hydrolysis is an equilibrium reaction favoring 
ester formation. Sterically hindered esters are hydrolyzed with difficulty. 

The Corey-Chayakowski reagent (‘* Dimsyl Sodium "—a reagent prepared 
in the absence of air by the reaction of sodium hydride with dimethyl sul- 
foxide) is said to hydrolyze esters extemely rapidly [54b, 104a]. This reaction 
deserves further exploration. As mentioned previously, an explosion hazard 
may exist in the handling of this reagent [see 54c, 104a]. 

Partial saponification of malonic ester occurs with cold potassium hy- 
droxide to give an 827, yield of potassium ethyl malonate [105]. 
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Olefinic esters require mild conditions in order to avoid isomerization, 
Aqueous alcoholic sodium hydroxide is used for the preparation of 3-ethyl- 
3-pentenoic acid in 56% yield [106]. Ice-cold sodium carbonate solution has 
been found to be an effective medium for the hydrolysis of acid chlorides to 
acids [107]. However, the hydrolysis of acid halides is not a common method 
for the production of acids. 

Heating anhydrides with the theoretical amount or an excess of water 
yields the free acid. The preparation of citraconic acid is given below as an 
example of this method [108]. 

Alkaline hydrolysis must be used with caution with certain esters because 
of interfering side reactions. For example, «halo esters may also be hydrolyzed 
further under alkaline conditions to «-hydroxy esters: olefinic esters may be 
rearranged ; keto esters may be cleaved (cf. ethyl acetoacetate-bascd syntheses). 

Particularly in the aliphatic series, occasional difficulty is experienced with 
foam formation. Sometimes spreading a thin layer of silicone stopcock grease 
just above the stirred liquid in the reaction flask aids in controlling the foam. 
Dow-Corning’s Antifoam emulsion in low concentrations, other commercial 
“anti-foams,”’ or addition of a very low concentration of a cationic surfactant 
is frequently effective in reducing the foam problem. In the simple aromatic 
acid series, this problem is usually not significant. 


9-3. Preparation of m-Nitrobenzoic Acid [109] 


NO, NO, 
+ NaOH —> + CH,OH (7) 
CO,CH, CO,Na 
NO, NO, 
‘|—> + NaCl (72) 
CO,Na * HO ene 


A mixture of 80 gm (2 moles) of sodium hydroxide in 320 ml of water and 
181 gm (1 mole) of methyl-m-nitrobenzoate is refluxed until the ester has 
disappeared (5 to 10 min), The reaction mixture is then diluted with an equal 
volume of cold water, cooled, and poured slowly with stirring into 250 ml of 
concentrated hydrochloric acid. After the solution has cooled to room tem- 
perature, the m-nitrobenzoic acid is filtered off and dried, The product should 
be completely ether-soluble and melt at 140°C. Yield 150-160 gm (90-967, 
of the theoretical amount). , 

To purify the product further, it may be recrystallized by dissolving in 
approximately 15 times its weight of 1% aqueous hydrochloric acid. The final 
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product is light cream-colored; loss on recrystallization is approximately 


5%. 


The acyl chlorides prepared from the action of oxalyl chloride on diaryl- 
ethylenes are hydrolyzed to £,f-diarylacrylic acids by stirring with sodium 
carbonate solution [63]. 


<i Hor 
 (CoHs)sC-=CHCOONa ">. 


(CeHs)aC—=CH--COOH = (73) 


‘Ni 
(CoHs)sC==CH—COCI 


9-4, Preparation of Citraconic Acid |108] 


if 
CHs—C—C CH,—C—COOH 
| pro — Gy coon ey 
HC—¢ 
ts) 


To 22.4 gm (0.2 mole) of citraconic anhydride is added 4.00 ml of water and 
the mixture heated until a homogeneous solution is formed. The mixture is 
allowed to stand for 48 hr at room temperature. The solid mass is ground to 
a powder, washed with 50 ml of benzene, dried in air, and then dried for 
24hr in a vacuum desiccator over phosphorus pentoxide. The yield was 
24.4 gm (947,) of citraconic acid which melts at 92°-93°C, 


D. Hydrolysis of 1,1,1-Trihalomethyl Derivatives 


The hydrolysis of trihalides yields acids; however, the method is not very 
practical since the trihalides are not readily available. The hydrolysis of 
acetone-chloroform by methanolic potassium hydroxide is illustrated below 
and is reported to give a 70.8'7, yield of a-methoxyisobutyric acid [110]. 


9-5. Preparation of a-Methoxyisohutyric Acid (110| 
OH OCHy 


(CH)xC--CCl, + 4KOH + CHs0H —> (CHy)t~-COOH (75). 


To a vigorously stirred cold solution of 448 gm of potassium hydroxide 
in 250 ml of water and 1 liter of methanol is slowly added a solution of 
355 gm of acetone-chloroform in 700 ml of methanol. A violent reaction 
occurs which requires constant cooling. The mixture is stirred for | hr at room 
temperature and for 2 hr at the reflux temperature. The potassium chloride is 
filtered off and washed with methanol. The filtrate is distilled under reduced 
pressure to remove the methanol and water and the residue is treated with 
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sulfuric acid (Congo red). The inorganic precipitate is filtered, washed with 
ether, and the aqueous solution extracted with ether. The ether layers are 
combined and the ether removed to give a residue which upon distillation at 
reduced pressure gives 167 gm (70.8%,) b.p. 98°-99°C (20 mm). The same 
result is obtained using methanol-sodium methoxide. 


10. MISCELLANEOUS METHODS 


A. Oxidation Reactions 
(1) Oxidation of ketones using potassium hydroxide [111]. 


CHsC.eH,COC.Hs + KOH —> 
CHsCaH.COOH (877,) + CeHsCOOH + CoHe (76) 


(2) Oxidation of aromatic ring [112]. 


i if 
arene HO—G 
CrHe + V:0, + 0, ARE, + | 9) —-+ Ha + CO, (77) 
Pomel 
° b 
(3) Oxidation of tertiary alcohols [113]. 
oN 
RC (CHa)s e+ RCO(CHa)n 11 COOH (78) 
HCH; 
(4) Oxidation of aromatic acetylenes [114]. 
CoHs—CHCH S2COOOF,, C,H, —CH,COOH + CHsCOOH (25%) (79) 
Rateo. 


(5) Oxidation of alkyl side chains using nitrogen dioxide and selenium 
dioxide [115]. 


CH, COOH 
rae * 0 _~ 
| + NO, + SeO, 2° 
< Hoc 2 (80) 
ll 


(6) Cyanozonolysis of olefins to’ yield hydroxy acids [116]. 


HC 


Cyclooctene + HCN emulsion in H,O joes 2,9-Dihydroxy sebacic acid (81) 
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(7) Base-catalyzed autoxidation of hydrocarbons in diphenyl sulfoxide 
[117]. 


o-Xylene + Os ee 54.17% o-Toluic acid + 37.5 Phthalic acid (82) 
T 


B. Hydrolysis and Elimination Reactions 
(1) Diazoacetic ester synthesis [118]. 


1, NaOH 


GsHsCH=CHCsH, + NaCHCOOC;H, ——> CoHsCH——CHCsHs Hel 


CoHsCH——CHCsH, (83) 
Ber A 


cn 
CooH 
(2) Hydrolysis of primary nitro compounds [119]. 
RCHNO, “> RconH—on =", RCOOH (84) 
(3) Hydrolysis of «-keto dihalides [120]. 
CoHy—COCHCI, “8, C,HyCHCOONa > CyHsCH—-COOH (85) 
H 1H 


(4) Hydrolysis of hydantoins [121]. 


ll II 
Hae —€ RCH=-0 cy a 
HNA-NH as HN. NH 


l 
fo) 


0", RCH,CH—COOH (86) 
i me 

ce] 

(5) Hydrolysis of the reaction products of oxazolines and aldehydes [122]. 


CHa, 
RC,H,CH--O + CH,CH.—-C_ CH, #07 


“po” 


NHC: wos, 
rewicrinet Fi eter TOON aD 


CH, CH, 
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(6) Von Richter reaction [123]. 


ne Nan 1. OH- 
= 0° moe (8) 
CONH, C,HyOH at 150°C. COOH 


(7) Reaction of perhalogenated cyclopropanes and ketones with alkali 
[124]. 


a a 
@) CCL=CCh + CHCl, + KOH —> Cece = Nee“cocn 
a Ww 
a a RO a 
\ 7 \ 


+ ame + (cc 
of COOR "4 coor 
(b) CCIFxC—CCiFs +4NaOH —> 


+ ROOC—CH,COOR’ (89) 


CCIF,COONa + 2 NaF + NaCl +CO+2H,O (90) 
CCIFgC—CClaF + NH.OH 


CCIF,COONa(NH,) + CHCI,F (91) 
CCIFs;C—CClF + NaOH 


C. Reactions Involving Organometallics 
(1) Reaction of alkyl aluminum and carbon dioxide [125]. 
RjAl + 3 CO. —> 3 RCOOH (92) 
(2) Reactions of organosodium compounds with carbon dioxide [126]. 


He 
RNa + CO. —» RCOONa a RCOOH (93) 


RCgH,X + Na + CO, in CoHe — R—C,H,COOH (76%) (04) 


CHg Cita 
1, COz 
Ciypb—Ce + Amylsodium —> CH ,=' HyNa ZaqgKon 


CH,—CH—CH;COOH = (95) 
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_ COn 
CyHsCH=CH, + Na —> [CsH;CH—CHs] ——-> Dimer —> 
(oo) (96) 


COOH 


(3) Reactions of organometallics with fluoroaromatic compounds [127]. 


FOF 
Mer NoMa 
F F l \ aheif 
2 ae F F ma \.. coon 
i F F = 
: tt Nas 
BOR hg i | FF 7 
F F 
FOF 
H H+ n-BuLi —HE, 
F 


F 
F F ° F 9 
ud Su SO, Hoc COH (84%) (98) 
FF 


D. Reactions Using Carbon Monoxide 


(1) Reaction of carbon monoxide with bases [128]. 


° 
NaOH + Co —+ HbONa > HCOOH @9) 
(2) Carbonylation of olefins [129]. 
RCH=CH, + CO + Hs ———» RCH—COOH (100) 
Hs 
(3) Reaction of olefin-palladium chloride complex with carbon monoxide 


[130]. 


CH;—CH=CH, + PC + CO “3, cH,—-CH—-CH,COOH (101) 
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(4 Reaction of carbon monoxide with alcohols [131]. 
ROH + CO + Steam —» RCOOH (102) 


(5) Reaction of aryl halides and carbon monoxide [132]. 


RCH AX + CO + Ni(NOg)e — » RC GHsCOOH (103) 
(6) Reaction of carbon monoxide with acetylenes [133]. 
Ni or Ni 
RC=CH + CO + H,0 awe RCI1=:CH—-COOH (104) 


(7) Reaction of carbon monoxide with ketones [134]. 


87% HyPOq 
(CHy)aC=O + H20 + CO ——"---—>» CHyCOOH + (CHs)aCHCOOH = (105) 


(8) Reaction of carbon monoxide with ethers [135]. 


a \ + Ni(CO), + Nilg + CO —+ 74%, (CH2)4(COOH), (106) 
Co) 
(9) Reaction of carbon monoxide with alkanes [136]. 
(a) RCH, + H,O. + FeSO, + CO —> RCOOH (107) 
Ha 
(b) /\ + H,S0, + CO —> CHy—CH (108) 
‘COOH 


(10) Reaction of polyhalomethanes with carbon monoxide [137]. 
CC + AICl, + CO -—» CCl;COOH (109) 


(11) Disproportionation using carbon monoxide [138]. 


luo (110) 


E. Condensation Reactions 


(1) Favorskii rearrangement [139]. 


ie} 
COOH 
ae GHOK er aun 
ct 
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(2) Carboxylation of amines [140]. 


H,0 
RNH, + 2NaCN + 2CH;~O + 2H,O —> RN(CH:COONa), —> 
RN(CH:COOH)2 = (112) 


(3) Pschorr synthesis [141]. 
CHz—COOH 


os oe 
ow 

\ + O fae ¢ \ (113) 
Sno, = 


(4) Ullmann reaction [142]. 


COOH COOH 


Cl + HaN—Ar —S*> —NHAr (114) 


(5) Williamson synthesis [143]. 


cl ° COOH 
‘SI + NaOCH —> Cy (115) 


(6) Reaction of oxalyl bromide with olefins and tertiary alkanes [144]. 


COOH 
O + (COBr), —> Cy (116) 


(7) Wittig synthesis [145, 146]. 


(Cetts}P=C—COOR + R'CH=0 —> RCH=C—COOR acl 


R 
R’CH AG COOH (17) 
R 


(8) Reaction of 2-pyrones with cyanide ion [147]. 


~ SS 
| + NaCN + DMF — || — | i) 
07 SO CN COOH  CooH Coon 
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(9) Electrolytic hydrodimerization of derivatives of «,B-unsaturated acids 
[148]. 


H, 
R—CH=CHCN >» R—CH—CH,CN ze R—CH--CH,COOH = (119) 
Ron R—CH 
CH2CN dt,coon 


(10) Wislicenus synthesis of aliphatic dibasic acids [149]. 


2A) 
2. CHy—CH,COOH —"> CHsCHsCOOH 
j +2 Agi (120) 
I CH,CH,COOH 


(11) Berthelot-Goldschmidt process for oxalates [150]. 


He 
2HCOONa —--> (COONa); + He (121) 


(12) Hayashi rearrangement of substituted o-benzoylbenzoic acids [151]. 


COOH cl 
Oo S “O Cone, H:80, ise 0 (122) 


(13) Ivanov reaction [152]. 


Eth 
CoHsCHsCOOMgCI + 1.5 CsHsMgBr ee 


CuHs 
RCO 
CgHsCH--COOMgCl + C2Hs ——> a mS (123) 
MgBr OH COOH 


F. Reduction Reactions 


(1) Reduction of unsaturated acids to give saturated acids [153]. 
RCH:... CH»-COOH ul RCH,CH,COOH (124) 


(2) Kindler synthesis of substituted phenylacetic acids [154]. 


Pd/H 
——— OH 125; 
Ar—CHCOOH AcOH THO, ArCHzCO' (125) 
H 
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G. Enzyme Reactions [54b, 54c, 155, 156] 


(1) Preparation of Itaconic Acid [155]. 


Asperailtas terPS, CH CCOOH (126) 
+3 (air), room 


ere CH,COOH 


Starches, Sugars + carbohydrates 


rf 
Minor amounts of 
other acids 
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246 10. Esters 


1. INTRODUCTION 


The most common laboratory method for the preparation of esters utilizes 
the condensation between a carboxylic acid and an alcohol catalyzed by acids 
such as HCl, H,SO,, BFs, or p-toluenesuifonic acid. The problem of catalysis 
is receiving continued attention and several new catalyst systems are briefly 
mentioned, 

The esterification reaction is an equilibrium reaction and it can be dis- 
placed toward the product side by removal of water, or by the use of an excess 
of one of the reactants. The use of acetone dimethylacetal, which reacts with 
the water formed to produce methanol and acetone, allows the preparation of 
methy! esters in high yield. Primary and secondary alcohols are esterified in 
good yield but tertiary alcohols give very low yields. 

The preferred method for the preparation of tertiary esters is based on the 
interaction of the acid halides and the tertiary alcohol or an olefin and a car- 
boxylic acid. For example, tert-butyl acrylate is made by the condensation 
of isobutylene and acrylic acid. 

Some other common condensation methods may be summarized by 
Eqs. (1), (2), and (3). 

RCO(Z) + R’‘OH ——» RCOOR’ + ZOH 
where Z = OH, Cl, OR, (OCOR), and lactones (1) 


RCHCOOR + RX —> REH-~COOR (2) 
R 
RCOONa (or Ag) + R'X —> RCOOR’ Q) 


The condensation of carboxylic acids with diazomethane leads to methyl 
esters. 


RCOOH + CHsN2 —> RCOOCHs + Na (4) 


Little use has been made of this technique on a preparative scale since diazo- 
methane is a yellow toxic gas which may explode violently if undiluted or on 
contact with rough glass surfaces. 

Dimethyl sulfate can be used in place of diazomethane to form methyl 
esters of carboxylic acids through the sodium salt. 


2 RCOONa + (CHs)2S0, —> 2 RCOOCHs + NasSO, (5) 


However, dimethyl sulfate is acidic in nature and may not be as satisfactory as 
diazomethane for methylating sensitive acids. 

Transesterification reactions are valuable methods for the preparation of 
vinyl esters, In these reactions the alcohol portion of the ester is exchanged 
[Eq. ot In another type of transesterification, acid moieties are exchanged 
(Eq. (7)]. 
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RCOOR’ + R’OH ——> RCOOR’ + R‘OH © 

RCOOR’ + R’COOH = R’COOR’ + RCOOH (0) 

The other methods of oxidation and reduction are more specialized 
reactions and are treated briefly. 


The Arndt-Eistert, Favorskii and Darzens syntheses are described in more 
detail elsewhere in this text. 


2. CONDENSATION REACTIONS 


Several of the more common condensation methods for the preparation of 
esters involve either the condensation of alcohols or alkyl halides with 
carboxylic acids or their derivatives as shown below. 


RCOOH 
(RCO),0 
RCOCI + R‘OH —> RCOOR’ (3) 
RCOOR 
(and Lactones) 
CH.==C=0 + R’OH —+ CH,COOR’ @) 
RCOONa + R’X —> RCOOR’ (10) 
RCH—COOR + R’*X —> RCH—COOR dp 
Re 
Malonic 
~CH—(COOR), + R‘% ———> R’CH(COOR)s (12) 


synthesis 


In addition olefins react with carboxylic acids in the presence of catalytic 
amounts of sulfuric acid or boron trifluoride. This method allows one to pre- 
pare tert-butyl esters [Eq. (13)]. 


(CH,)2C-=CH2 + RCOOH —> RCOOC(CHs)s (13) 
Acetylenes also condense with acids to give unsaturated esters, 
CH=CH + RCOOH —» RCOOCH=CH, (4) 


The latter is a widely used commercial method for the preparation of vinyl 
esters such as vinyl acetate, vinyl benzoate, and vinyl formate. 


A. The Reaction of Alcohols with Carboxylic Acids 


Acid catalyst 
R’OH + RCOOH [———~ RCOOR’ + HO (15) 
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Primary alcohols give better yields of esters than secondary alcohols and 
tertiary alcohols and phenols react only to a very small extent [1, 2]. Acid 
catalysts are used in small amounts. The mixture is refluxed for several hours 
and the equilibrium is shifted to the right by the use of a large excess of either 
the alcohol or acid and the removal of water. Azeotropic distillation of water, 
the use of a Dean and Stark trap, or a suitable drying agent helps to increase 
the rate of reaction. No acid catalysts are required for the preparation of 
esters of formic acid [1, 2] or of benzyl alcohol [3]. 

Polyesters are prepared by heating diols and dicarboxylic acids with an acid 
catalyst. 

Some useful acid catalysts are sulfuric acid, hydrogen chloride, and 
p-toluenesulfonic acid [4, 5]. 

In addition, trifluoracetic anhydride has been a useful acid catalyst for the 
esterification of phenols [6, 7]. The use of heavy metal salts as effective 
esterification catalysts has been widely reported. For example, BuSnO,H and 
Bu,SnO are equal or superior to p-MeC,H,SO3H as esterification catalysts 
and do not effect appreciable dehydration of secondary alcohols [8]. A recent 
investigation reports that catalytic activities generally descend in the 
order Sn, Co, Fe, Al, Bi, Cr, Sn, Cu, Co, Pb, Fe, Zn, Ni, Mn, Cd, Mg, Ba, 
K, and ClO,, SQ,, PhSO,, Cl, Zr, 1, NO, [9]. The use of 1 wt % of Fe2(SOx)s 
is recommended as a noncorrosive catalyst in steel [5]. 

The use of stannous salts of carboxylic acids [Sn(OOCR)., where RCOO = 
2-ethylhexoate, n-octoate, laurate, palmitate, stearate, and oleate] as catalysts 
for the preparation of polyesters has been reported to give colorless products 
with low acid numbers, Stannous oxide gives the same results but there is a 
short induction period before the catalyst becomes effective. The catalysts 
are present in 5 x 10~* to 1 x 10-7 mole of catalyst per 100 gm of polyester 
and the temperature of the reaction is up to 220°C [10]. 

Metal oxides of the Group V metals such as tetraalkyltitanate esters, sodium 
alkoxy titanates, and alkaline earth salts of weak acids are among some other 
catalysts used to give polyesters without dehydration to the ether or olefin 
[11-14]. 

Trifluoromethanesulfonic anhydride [15] is an effective esterification cata- 
lyst, as is trifluoroacetic anhydride. However, in an organic medium, tri- 
fluoromethanesulfonic acid is a much stronger acid than trifluoroacetic acid 
or perchloric acid. When the anhydride is used, the esterification is exother- 
mic and heating for only a short period of time may be required. 

Dihydric alcohols readily yield cyclic ethers under esterification conditions 
and the usual catalysts are not effective. The use of boric acid as a catalyst 
allows one to prepare esters of mono- or dibasic acids [16]. For example, 
esters of 1,4-butanediol and 2,5-hexanediol can be prepared by this 
method. 
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The use of orthophosphoric acid [17] allows one to prepare less-colored 
esters from “oxo synthesis” alcohols which may contain sulfur impurities. 

Ortho substituents in the aromatic acids retard esterification by the con- 
ventional method but they can be esterified by dissolving in 100%, sulfuric 
acid and pouring the solution into the desired alcohol [18]. This method is 
applicable to other unreactive systems and was successively applied to 
heterocyclic acids [19], polybasic acids [20], long-chain aliphatic acids [21], 
and several other unreactive substituted aromatic acids [22]. 

A simple esterification employing azeotropic removal of water by means of a 
Dean and Stark trap can be used in an introductory organic laboratory course. 
This technique is widely used in industry for the preparation of polyesters. 
The preparation of y-chloropropyl acetate in 93-95% yield [23] and of 
n-amyl acetate in 71% [24] yield have been described. 


2-1. Preparation of Methyl Acetate [1] 


ur lL 
CH,0H + CHsCOOH = CHsCOCHs + HzO (16) 


To a flask is added 48 gm (1.5 mole) of absolute methanol, 270 gm (4.5 
moles) of glacial acetic acid, and 3.0 gm of concentrated sulfuric acid. The 
mixture is refluxed for 5 hr and then fractionated to give 112 gm of crude 
ester, b.p. 55°-56°C. The crude ester is washed successively with a saturated 
salt solution, a sodium bicarbonate solution until the effervescence ceases, and 
a saturated salt solution, dried, and distilled to yield 92 gm (83%), b.p. 56°C 
(754 mm), nf® 1.3594, 


2-2. Preparation of Amyl Acetate [24] 
Ht 
CH;COOH + CHsCH,CHaCH,CH,0OH ~— 


°0 
CHCH,CH,CH.CH.OUCH, +H,O (17) 


To the round-bottomed flask is added 15 gm (0.25 mole) of glacial acetic 
acid, 17.6 gm (0.20 mole) of n-amyl alcohol, 30 ml of benzene, and 0.15 gm of 
p-toluenesulfonic acid catalyst. A Dean and Stark trap is filled with benzene 
‘and the contents of the flask is refluxed for 1 hr. The water that is produced 
remains in the trap as a bottom layer. The reaction mixture is extracted with 
sodium bicarbonate solution in order to remove the excess acid, washed with 
water, and then a saturated sodium chloride solution. The organic layer is 
fractionated in order to remove the benzene-water azeotrope and the residue 
is transferred to another flask containing a small loose plug of steel wool in 
the neck. The product is isolated by simple distillation in 71% yield (20.7 gm), 
b.p. 141°-146°C, ng? 1.4012. 
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B. The Reaction of Acyl Halides with Hydroxy Compounds 
R‘COC! + ROH —> R’COOR + HCI (18) 


Alcohols and phenols react with acid chlorides. The reaction is facilitated 
by the use of a tertiary amine [25], pyridine [26], or aluminium alcoholate 
[27] to react with the liberated acid. Tertiary alcohols and phenols give good 
yields of esters [28]. Acid halides ofi aromatic polycarboxylic acids [29], 
olefinic acyl halides, [30], and others give good yields to esters. The alcohol 
portion of the ester may have an epoxy group (glycidyl) or a cyano group, 
as in glyconitrile formed from formaldehyde and sodium cyanide [29]. 

Recently [1], it has been reported that vinyl esters were obtained by the 
reaction of aliphatic and aromatic acid halides with acetaldehyde in the 
presence of pyridine. It was postulated that acetaldehyde enolizes to vinyl 
alcohol in the presence of pyridine, which subsequently reacts with the acid 
halide [31]. 


cucH—o 2%!"*, tcxp-cHony P&C, cH=cH—-otR (19) 
Pyridine 


+ Pyridine hydrochloride 


This reaction has also been referred to in a recent Organic Syntheses “Methods 
of Preparation” section [32]. 

The present authors have independently tried to repeat these experiments 
with acetyl chloride, benzoyl chloride, and other acid chlorides as described 
by Sladkoy and Petrov [31] but did not obtain any vinyl esters as determined 
by careful analysis via gas chromatography. Therefore, this procedure is not 
recommended as a preparative method but as an area for further research. 


2-3. Preparation of tert-Butyl Acetate [33] 


\\ N,N-Dimethylaniline 
(CH;)C—OH + CH,C—CI —> 


oO 
(cH.).c—ollcH, + N,N-Dimethylaniline hydrochloride (20) 


To a flask equipped with a reflux condenser, ground glass stirrer (or 
mercury-sealed stirrer), and a dropping funnel is added 74 gm (1 mole) of 
tert-butyl alcohol, 120 gm (1.0 mole) of dry N,N-dimethylaniline, and 200 ml 
of dry ether. To the stirred mixture is slowly added dropwise 78.5 gm (1 mole) 
of acetyl chloride at such a rate that the ether vigorously refluxes. (Cooling 
may be necessary.) After the addition, the mixture is warmed on a water bath 
for 2 hr and then allowed to stand for several hours, The ether layer 
is separated from the N,N-dimethylaniline hydrochloride solid precipitate. 
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The ether layer is extracted with portions of 107, sulfuric acid until the extract 
does not cloud when made alkaline. The ether layer is dried over anhydrous 
sodium sulfate and then distilled to yield 63-76%, (73 to 88 gm) tert-butyl 
acetate, b.p. 93°-98.5°C, n> 1.3820. 


Under special reaction conditions, the reaction of an acyl halide may be 
used to prepare esters of glycidol. When the procedure outlined above is used 
the tertiary amines catalyze the well known polymerization of the epoxy 
group. The reaction is quite sudden and highly exothermic. Therefore, both 
the acyl halide and the tertiary amine are gradually added to glycidol when 
ester formation is desired. Care must be taken that no excess of the tertiary 
amine is present in the reaction flask at any time. In this manner well-crystal- 
lized diglycidy] isophthalate was prepared. 


2-4. Preparation of Diglycidyl Isophthalate [25} 


2 
oc! CoocH.cH—CH, 
+2HOCH,CH-CH, “HN, 21) 
coc! ° COOCH,CH—CH 


[o) 


A 1 liter resin kettle is fitted with stirrer, thermometer, condenser with dry- 
ing tube, and two 300 ml dropping funnels. All the equipment is carefully 
dried and flushed with nitrogen for 10 min. Glycidol (74.1 gm, 1.0 mole) and 
200 ml of benzene are placed in the flask and cooled, with stirring, to 0°C in an 
ice water-methanol bath. A solution of isophthaloyl chloride (101.5 gm, 
0.5 mole) in 150 ml of benzene is placed in one dropping funnel and a solution 
of triethylamine (101 gm, 1.0 mole) in 150 ml of benzene is placed in the second 
dropping funnel. The dropwise addition of the acid chloride is begun first, 
then the dropwise addition of the triethylamine solution is started. The rates 
are controlled so that the flask temperature does not exceed 5°C and so that 
the acid chloride addition is slightly faster than that of the triethylamine. 
Complete addition requires 3 hr. Stirring is continued for 3 hr longer while 
the flask is allowed to warm to room temperature. The solids (triethylamine 
hydrochloride) are filtered, rinsed with 50 ml of benzene, and dried. The 
weight of triethylamine hydrochloride is 123 gm (theoretical weight, 137.5 
gm). 

The filtrate and benzene rinsings are washed in a separatory funnel with 
200 mi of saturated sodium chloride, twice with 200 ml portions of distilled 
water, and dried over anhydrous calcium chloride. The salt is removed by 
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gravity filtration and the benzene is stripped from the filtrate under reduced 
pressure using a warm water (40°-45°C) bath. The residue, a white solid, is 
mixed with petroleum ether and filtered. The crude product weighs 111 gm 
(theoretical yield, 139 gm) and melts at 46°-53°C. The product is dissolved in 
700 ml of a 1:1 petroleum ether—benzene solution, stirred with about 5 gm of 
activated charcoal, filtered, and cooled. About 25 ml of additional petroleum 
ether is added. The recrystallized material is filtered and dried in a vacuum 
oven at room temperature. Final yield: 36 gm (25.9",), m.p. 60°-63°C. 


C. The Reaction of Anhydrides with Hydroxy Compounds 
(R‘CO),0 + ROH —> R'COOR + R‘COOH (22) 

Alcohols and phenols react with anhydrides to give esters, especially when 
catalyzed by acids such as sulfuric [34] or p-toluenesulfonic acid (35]. Acetic 
anhydride reacts with tert-butyl alcohol to give tert-butyl acetate in 60°% 
yield [36]. Phenols are also acetylated in an aqueous alkaline solution in 
yields above 90%, [37. 38]. Cyclic anhydrides of dibasic acids give monoesters 
upon reaction with alcohols (39-41]. 
2-5. Preparation of Methyl Hydrogen Phthalate (40] 

COOH 
CeH(CO)O0 + CH;OH —> CoH, 23) 
COOCHs 

To a flask is added 74 gm (0.5 mole) of phthalic anhydride and 50 ml (1.25 
mole) of absolute methanol. The mixture is refiuxed for 2 hr and the excess 
methanol is removed by distillation. To the residue is added 25 ml of dry ben- 
zene and the distillation is continued to remove the last traces of methanol. 
The residue is filtered through a cotton plug and then diluted to 300 mi with 
benzene. Petroleum ether (b.p. 30°-60°C) is added to give a total volume of 
600 ml and crystallization can now be seen to start. The flask is put in the 
refrigerator overnight and the next day the product is filtered, washed twice 
with 50 ml portions of fresh petroleum ether, and air-dried to give 75 gin 
(837,) of methyl hydrogen phthalate, m.p. 82°-82.5°C. 


D. The Reaction of Halides with Salts of Carboxylic Acids 
i 
RX + NaOCR —> R‘OcR + Nax @4) 


The reaction of activated halides with sodium acetate or silver acetate leads 
to good yields of esters. The reaction is not of preparative value for ordinary 
halides since dehydrohalogenation is a competing reaction, especially with 
secondary and tertiary halides. 
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Benzyl halides [42, 43], 2-(chloromethyl)thiophene [44], and 1,1-dihalocyclo- 
Propanes (especially bicyclic 1,1-dibromo compounds) [45] react to give 
esters. 

It has been reported that «-bromoparaffins react with metal salts of fatty 
acids in the presence of fatty acids at 170°-190°C to give esters [46]. 

Aromatic allyl esters are prepared in good yield from sodium aryl carboxy- 
lates and allyl chloride using dimethylformamide as a solvent to accelerate 
the rate of reaction [47]. 

In a related manner, the Simonini reaction [Eq. (25)] and Prevost reaction 
[Eqs. (26), (27)] yield esters when the silver carboxylates are treated with 
iodine [48]. Using equimolar amounts of iodine and silver carboxylate yields 
the Hunsdiecker reaction to give alkyl halides (Eq. 28) [48]. 


2 RCOOAg + X2 ——» RCOOR + CO, + 2 AgxX (25) 
RCOOAg + X; + R'CH=CHR” —> R’CH—CHXR’ + AgxX (26) 
COR 
2RCOOAg + X2 + R‘CH=CHR” —>» R’'CH——CH—R’ + 2AgxX = (27) 
COR COR. 
RCOOAg + X2 —> RX + COg + AgX (28) 


For example, silver phenylacetate reacts with iodine in ether exother- 
mically. Removal of the solvent followed by heating the residue at 80°C for 
1 hr affords a yield of 68% of benzyl phenylacetate and 107, of phenylacetic 
acid [49]. 

Small ring compounds give low yields of mixed products [50]. 


2-6. Preparation of p-Ethylbenzyl. Acetate [43} 


Il 
p-CaHs—CsHy—CH2Cl + CH;COONa —> p-CaHs—CeHi—CHsOCCHs (29) 


To a flask is added 110 gm (1.34 moles) of fused sodium acetate, 800 ml of 
glacial acetic acid, and 223 gm (1.44 moles) of p-ethylbenzyl chloride. The 
mixture is refluxed for } hr, cooled, filtered, the salts are washed with 200 ml 
of glacial acetic acid, and 25 gm of fused sodium acetate is added to the 
combined filtrates. The filtrates are refluxed for an additional 2} hr, diluted 
with water, extracted with benzene, and distilled to yield 238 gm (93%) of 
p-ethylbenzyl acetate, b.p. 117°-127°C (14 mm), ng® 1.5018. Redistillation 
increased the boiling point to 130°-132°C (15 mm), nf? 1.5042. 


E. Ester Interchange 
Ht or OHS 


RCOOR’ + R'OH ~———— RCOOR’ + R’OH (30) 
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The exchange ofialcohol fragments is catalyzed by either acid [51] or base 
[52]. This reaction involves a reversible equilibrium which can be shifted to 
the right by either employing a large excess of alcohol R’OH or by removing 
the lower boiling alcohol R’OH. The low-boiling alcohol can also be removed 
as an azeotrope as in the preparation of cellosolve acrylate. 


2-7. Preparation of Cellosolve Acrylate [51] 


CH,=CH—COOCH, + HOCH,CH,;—OC,H; —> 
CH,=CH-—-COOCH.CH,0C;H; + CH;0H (31) 


To a flask equipped with a stirrer, Vigreux column, and distillation head is 
added 45 gm (0.50 mole) of cellosolve (2-ethoxyethanol), 86 gm (1.0 mole) of 
methyl acrylate, 2.0 gm of hydroquinone, and 1.0 gm of p-toluenesulfonic 
acid. The mixture is heated to reflux for about 8 hr. At first the reflux tempera- 
ture is 81°C and then drops to 65°C. The methanol-methyl acrylate azeotrope 
is then removed as it is formed at 64°-65°C but not higher. After 9-10 hr the 
crude reaction mixture is analyzed by gas chromatography (3 meter Apiezon 
L 0.3/1.0 on firebrick) which in this case indicated the presence of 43% 
cellosolve acrylate and 15%, unreacted cellosolve. Distillation of this material 
yields 40 gm (56%), b.p. 174°C, specific gravity 20°/20° 0,9834, 


In a similar manner methyl acrylate has been used to prepare esters of a 
host of higher carbon chain alcohols in good yields using an acid catalyst 
[52, 53]. 

In a typical experiment using a basic catalyst, as in the preparation of 
ethyl benzoate from methyl benzoate, one shakes for 1 hr at room temperature 
20 gm (0.147 mole) of methyl benzoate and 100 ml of ethanol containing 
0.3 gm (0.05 mole) of potassium ethylate. The mixture is neutralized with 
dilute sulfuric acid and extracted with ether. The ether layer is washed with a 
dilute sodium carbonate solution, and then twice with water. The ether layer 
is dried, concentrated, and the residue distilled to yield 96%, of ethyl benzoate 
[54]. 

The relative exchange tendency of a series of primary and secondary 
alcohols has been determined [55], Ethyl esters of terephthalic [56], succinic, 
malonic, and oxalic acids are prepared from their corresponding methyl 
esters. However, dimethyl phthalate has been found not to react. 

Some specific catalysts useful for the ester interchange reaction have been 
found to be the alkyl orthotitanates [57], sodium hydroxide [58], and alkali 
metal alcoholates [59]. 

The orthotitanates catalyze the ester interchange reaction more rapidly and 
at lower temperatures than do the titanium ester acrylates or the condensed 
esters of titanium such as propyl polytitanate [59]. 

Exchange reactions can also involve an ester and an acid [Eq. (32)]. 
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RCOOR’ + R*COOH == R“COOR’ + RCOOH (32) 


For example, methyl acrylate reacts with formic acid under acid catalysis 
(sulfuric acid) to give methyl formate and acrylic acid [60]. The advantage of 
this method is that it permits the preparation of acids free from water. This 
general method has found applicability in preparing vinyl esters from vinyl 
acetate and carboxylic acid in the presence of catalytic amounts of sulfuric 
acid and mercuric acetate [61]. 


CHsCOOCH=CH, + RCOOH == CH;COOH + RCOOCH=CHz (33) 


Mercuric oxide has also been described as a catalyst [62]. 

A major problem of this method of preparing a vinyl ester arises from the 
fact that in all cases, except the preparation of vinyl formate and vinyl 
trifluoroacetate, the desired product is higher boiling than the starting ester. 
Consequently, the essential starting reagent (vinyl acetate) is removed from 
the reacting system during the product isolation step. This tends to drive the 
equilibrium in the direction of the starting materials. 

Isopropenyl acetate behaves in a manner similar to vinyl acetate on reacting 
with carboxylic acids in the presence of mercury salts and sulfuric acid 
catalysts [63, 64]. 


2-8. Preparation of Vinyl Caproate [65] 


ce) 
cu,—cu—odcH, + CH,(CH,),COOH <— 


° 
on 
CHz=CHOC(CH,),CHs + CHsCOOH = (34) 


To a flask equipped with a stirrer, thermometer, reflux condenser, and a 
nitrogen gas inlet tube is added 215 gm (2.5 moles) of vinyl acetate and 51 gm 
(0.5 mole) of caproic acid. The flask is warmed to dissolve the caproic acid 
and then 2.0 gm of mercuric acetate (about 27, based on the carboxylic acid 
reactant) is added. The mixture is stirred or agitated manually for 4 hr and 
0.2 ml of 100% sulfuric acid (prepared by carefully mixing 7.3 gm ofifuming 
sulfuric acid which contains 30% SO, and 10 gm of 95% H2SO,) is added. 
The solution is refluxed for 34 hr and then neutralized with sodium acetate 
trihydrate. The excess vinyl acetate and acetic acid are distilled off at atmos- 
pheric pressure at 70°-80°C until the distillation flask temperature reaches 
125°C. The distillation is continued under reduced pressure at 100 mm to give 
25.6 gm (40%), b.p. 98°-99°C, nf? 1.4159. 


F. The Reaction of Carboxylic Acids with Olefins 
RCOOH + CH,=C(CHs)2 —> RCOOC(CHs)s G5) 
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The preparation of esters of tertiary alcohols is accomplished by the reaction 
of an olefin with a carboxylic acid. For example, isobutylene condenses with 
malonic acid to give 58-60%, of di-tert-butyl malonate [66] with monoethyl 
maleate to give 53-58% of ethyl rert-butyl malonate [67], and with acrylic 
acid to give 47%, tert-butyl acrylate [51, 68]. 

Acids also have been esterified with propene [3] and trimethylethylene [51]. 
These reactions need to be carried out under strictly anhydrous conditions 
and they are acid-catalyzed (H2SO,, or BF3). 

Carboxylic acids also add to acetylenes to give alkenyl esters. The commer- 
cial production of acrylic esters involves this synthesis. 


R’COOH + RC=CH —>» R'COOCR=CHz (36) 


One of the catalysts is BF;-HgO. See Chapter 2 (Olefins) for a preparative 
example involving this method. 


2-9. Preparation of tert-Butyl Acetate {69} 
CH;COOH + CHs==C(CHa)z —> CHaCOOC(CHs)s (37) 


To a 500 ml Pyrex pressure bottle containing 26 gm (0.45 mole) of glacial 
acetic acid and 2 ml of concentrated sulfuric acid is added 50 gm (0.89 
mole) of liquid isobutylene (liquified by the passage of the gas through a 
Dry Ice trap). The bottle is stoppered and allowed to remain at room tempera- 
ture over night. Then it is chilled in an ice-salt water bath, opened, and poured 
into a cold solution of 40 gm (1.0 mole) of sodium hydroxide in 500 ml of 
ice water. The organic layer is separated, washed with dilute alkali, dried over 
potassium carbonate, and distilled through a 6 inch Vigreux column to give 
26.5 gm (537,) of tert-butyl acetate, b.p. 94°-97°C (738 mm), 3° 1.3820. 


2-10. Preparation of tert-Butyl Acrylate (51) 
CH.=CH—COOH + CH,=C(CHa)s * CHa=CHCOOC-(CHs)s (38) 


Method A. To a 1 liter Pyrex pressure bottle or a Hoke steel pressure 
cylinder is added 62.4 gm (0.867 mole) of glacial acrylic acid and 4 ml of con- 
centrated sulfuric acid. The bottle or cylinder is cooled in an isopropanol-Dry 
Ice bath while 100 gm (1.96 mole) of liquid isobutylene (liquified by passage 
through a Dry Ice trap) is added. The bottle or cylinder is sealed, allowed to 
stand at room temperature for 24 hr, vented carefully in a hood, opened, and 
the contents poured into a separatory funnel containing 300 ml of a saturated 
sodium carbonate solution. The crude organic layer (96 gm, 96%) is separated 
and dried over sodium sulfate. (A vapor chromatograph of the crude material 
on a | meter silicone 44200 firebrick at 125°C column indicated it to be 99%, 
pure tert-butyl acrylate.) Distillation through a 6 inch Vigreux column gives 
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57 gm (57%), b.p. 30°-31°C (25 mm), 12° 1.4092; reported [70] b.p. 117°- 
120°C (759 mm). 

Method B. To a 500 ml round-bottomed flask equipped with a condenser 
and a gas inlet tube is added 62.4 gm (0.867 mole) of glacial acrylic acid and 
4 ml of concentrated sulfuric acid. A slow stream of isobutylene is bubbled 
into the solution at room temperature for about 4} hr until 56 gm (1.0 mole) 
has been added. The reaction mixture is then worked up as in Method A. The 
crude product weighs 93.6 gm and after being distilled yields 58 gm (58%), 
b.p. 33°-34°C (30 mm), 3° 1.4092. 

Both samples were identical to a sample prepared from the acid chloride 
and tert-butyl alcohol. 

tert-Butyl acrylate has also been prepared from fert-butyl alcohol and acry- 
lic acid [70], from acetylene and tert-butyl alcohol [71-74], and from iso- 
butylene and acrylic acid [75]. 


G. Alkylation Reactions 


= 
RCH;—COOR axe RCHR’~COOR (39) 


Esters with an a-hydrogen undergo alkylation with primary aliphatic 
bromides [76], diethyl sulfate [77], and ethyl p-toluenesulfonate [78]. Malonic 
ester [79] can be alkylated with ethylene bromide or trimethylene bromide to 
give ring closure to give diesters of 1,1-cyclopropane and 1,1-cyclobutane- 
dicarboxylic acids [80, 81]. In addition five- and six-membered rings have also 
been formed in this manner [82]. 

Dimethylformamide has been recommended as a useful solvent for the 
alkylation of enolate anions since it shows an accelerating effect on the rate 
of alkylation [83, 84). 

The base-catalyzed alkylation of olefins with an active hydrogen compound 
is known as the Michael reaction. Compounds which furnish an active hydro- 
gen atom are malonic, cyanoacetic, and acetoacetic esters, nitroparaffins 
[85], benzyl cyanide [86], malononitrile [87], cyanoacetamide [88], sulfones 
[89], ketones [90], and methylpyridines [92]. The olefinic compound taking 
part in this reaction may be one in which the double bond is in an «-position 
to an ester [92], aldehyde [93], ketone [94], cyananide [95], nitro compound 
{96], or sulfone [97]. «- and y-Vinyl pyridine also undergo this reaction [98]. 


CoH CH,N(CH,)0F 
CH,NOz + CH—CH, > CH,—CH—CH, (40) 


‘COOC.Hs)2 No, e4(COOCsH)s 
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2-11. Preparation of Diethyl sec-Butylmalonate [79| 
CH2(COOC,Hs)2 + NaOCzHs —> 


CH: 
‘CH—Br 
cat 
-CH—{COOC3Hs), ——> CH 
Na* 
CHCH(COOCGHs). (41) 
CoHs 


To a 2 liter three-necked flask equipped with a wide bore condenser, drying 
tube, dropping funnel, and a mercury-sealed stirrer is added 700 ml of abso- 
lute alcohol followed by the gradual addition of 35 gm (1.52 gm atom) of 
sodium metal. When the sodium has reacted the stirred flask is warmed with a 
hot water bath or a steam cone while 250 gm (1.56 moles) of diethyl malonate 
is added in a steady stream. After the ester addition, 210 gm (1.53 moles) of 
sec-butyl bromide is added at such a rate as to maintain the mixture refluxing, 
The mixture is stirred and refluxed for an additional, 48 hr, distilled to remove 
alcohol, treated with 200 ml of water, shaken, and the ester layer is separated. 
Distillation through a Vigreux column affords, 274-278 gm (83-84%), b.p. 
110°-120°C (18-20 mm). 


H. The Preparation of Lactones 


Ht 
ROH <CHs—CHsCOOH — RCH—CHa~-CHz—C=0 +H:O (42) 


OH —0° 


Intramolecular esterification of hydroxy acids yields lactones. The reaction 
is catalyzed by hydrogen ion. Removal of the water formed favors the reac- 
tion, especially from y- and 8-hydroxy acids [99]. However, B-hydroxy acids 
do not form lactones directly by this method. e-Hydroxy acids cyclize only 
with difficulty. 

Another method of preparation of lactones is by the conversion of 8, 
y-olefinic acids to y-lactones using boiling 50%, sulfuric acid [100}. 


R—CH=CH-—CH,COOH a RCH—CH,—CH;—C=0 (43) 


The reaction of halo acids with base also yields y-lactones [101]. In addition 
silver salts of halo acids yield lactones [102]. 


Base 
X—CH2,CH2—CH,COOH ——> CH.—CH,—CH:—C=:0 (44) 
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2-12. Preparation of a-Ethylbutyrolactone [99] 


H.80, “CoH, 
Hs80s, 


HOCH,CH,—C(COOC;Hs)2 
i O ~C=0 


CiHs 


+ C,H,OH + CO, (45) 


To a heated 2 liter flask containing a boiling solution of 100 gm (2.5 moles) 
of sodium hydroxide in 200 ml of water is added from a dropping funnel 
364 gm (1.57 moles) of ethyl-8-hydroxyethyldiethylmalonate at such a rate 
that two layers do not form. After the addition has been completed, a mixture 
of 110 ml of concentrated sulfuric acid in 150 ml water is slowly added. The 
reaction mixture is refluxed for 5 hr, and the lactone which separates is 
removed, The water layer is extracted with 75 ml of benzene and then con- 
centrated to 250 ml by distillation. The concentrated water solution is extracted 
again with two 75 ml portions of benzene. The combined product layer and 
benzene extracts are dried over sodium sulfate and distilled to yield 156 gm 
(88%,) of «-ethylbutyrolactone, b.p, 213°-216°C (740 mm). 


L The Reaction of Lactones with Alcohols 


R-~-CH—(CHa);—-CO + ROH xii R--CH+-(CHy),~-COOR (46) 
0. H 

The reaction of lactones with alcohols yields hydroxy esters. For example, 
a-ethyl-y-butyrolactone reacts with ethanol to give ethyl «-ethyl-y-hydroxy- 


butyrate in 48% yield [99]. By use of hydrogen halides and alcohols the ap- 
propriate halo esters are prepared [103]. 


2-13. Preparation of Ethyl o-Ethyl-y-hydroxybutyrate {99] 


Gs 
Tt _cosO8  OCHZCH,CH—COOC,H, (47) 

pom) 
CHs 


To a flask containing 500 ml of absolute ethanol is added 150 gm (1.32 
moles) of e-ethylbutyrolactone. The mixture is saturated with dry hydrogen 
chloride and then allowed to stand for 3 days. The alcohol is removed under 
reduced pressure and the residue is poured into 500 ml of ice water. The 
organic layer is separated and the water layer is extracted with five 50 ml 
portions of ether. The combined organic layer and ether layers are dried over 
sodium sulfate and distilled to yield 175 gm (84%) of ethyl-c-ethyl-y-hydroxy- 
butyrate, b.p. 78°-80°C (8 mm). 
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J. Miscellaneous Condensation Reactions 


a. THE ACID-CATALYZED REACTION OF NITRILES WITH ALCOHOLS 


RCHLCN + R‘OH > RCH,COOR’ (48) 


Nitriles are converted to esters by heating with an alcohol containing an 
acid catalyst (H,SO,, etc.). The reaction is quite general for the aliphatic, 
aromatic, and heterocyclic cyano compounds [104]. 

Alkyl acrylates [105] are made in this manner by the reaction of ethylene 
cyanohydrin with alcohols. The latter dehydrates under the experimental 
conditions to give the vinyl group. 


Ht 
HO—CH.CH:CN + R'OH —> CH2*+CHCOOR’ (49) 


b. THE REACTION OF DIAZOMETHANE WITH CARBOXYLIC ACIDS 
RCOOH + CH,N, —» RCOOCHs + Nz (50) 


This is an excellent method for the preparation of small amounts of 
methyl esters in high yields from difficult to prepare acids. The reaction usu- 
ally is conducted in an ethereal solution at room temperature and the comple- 
tion of the reaction is evidenced by the cessation of the evolution of nitrogen. 
The yellow color of diazomethane also disappears at the end of the reaction. 
The disadvantage of the method is that it requires diazomethane, which must 
be handled with great care in dilute solutions [106]. 


3. OXIDATION REACTIONS 
A. Oxidation of Primary Alcohols 


The oxidation of primary alcohols in acid media is in many cases accom- 
panied by esterification. For example, the chromic acid oxidation of n-butyl 
alcohol yields n-butyl n-butyrate [107]. 


3-1, Preparation of n-Butyl u-Butyrate (Dichromate Oxidation) {107, 108] 


6 CHa(CH2),CH,OH + 2 Na,Crz0, + 8 H,SO, —> 
3 CHyCHgCHgCOOCH,(CHa)sCHs + 2 Cra(SO,)s + 2 NazSO, + 14H,O (51) 


In a three-necked flask equipped with a stirrer, thermometer, condenser, 
and a separatory funnel is placed 243 ml (4.3 moles) of concentrated sulfuric 
in 240 ml of water. To this mixture is added 240 gm (3.25 moles) of technical 
grade n-butyl alcohol. 
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With cooling is added a solution of 320 gm (1.07 moles) of crystalline 
sodium dichromate in 200 ml of water at such a rate to maintain the tempera- 
ture at 20°C. 

The resulting solution is diluted with an equal volume of water, whereupon 
an oil separates. The oil is washed three times with water, separated, and then 
treated with some Na,SO, in order to remove the last traces of water. The 
crude oil is distilled to yield 170-175 ml of the desired product boiling at 
150°-170°C (5 mm). 

The crude ester is washed with five 15 ml portions of 60% sulfuric acid, 
then with sodium hydroxide, dried, and redistilled to yield 96-110 gm (41- 
477), b.p. 162°-166°C (5 mm). This material contains a small amount of 
n-butyl alcohol. If a higher purity is desired, the fractionation should be re- 
peated several times. 


B. The Tischtschenko—Cannizzaro Reaction of Aldehydes 


The Tischtschenko reaction, like the Cannizzaro reaction, involves an 
intramolecular oxidation-reduction reaction which is applicable to most 
aldehydes lacking an «-hydrogen atom [109]. In some cases, as for example 
n-butyraldehyde, the aldehyde has an «-hydrogen atom and still undergoes 
the Tischtschenko reaction as described below. 


2RCH=0 —+ RCOOCH,R (82) 


The most suitable catalyst is aluminium alkoxide and only a few mole per- 
cent is required. More basic catalysts yield an aldol condensation reaction. 
Mildly basic catalysts such as Mg(OC,Hs)2 or Ca(OC,Hs), lead to the forma- 
tion of a trimeric glycol ester RCH,CH(OH)CHR—CH,OCOCH,R in pre- 
ference to the simple esters. Examples of the Tischtschenko reaction are the 
preparation of benzyl benzoate [110] and furfuryl furoate [111] from benzal- 
dehyde and furfural, respectively. 


3-2, Preparation of n-Butyl n-Butyrate [109] 


oO 
2. CH,CH,CH,CH=0 “OSH, CHsCHCH.C_OCH,CH:CH.CH, (53) 

To an Erlenmeyer flask is added 144 gm (2.0 moles) of n-butyraldehyde and 
7.2 gm of aluminum ethoxide. The flask is stoppered and quickly placed in an 
ice water bath for several hours. Then it is allowed to stand at room tempera- 
ture for 48 hr. The reaction mixture is fractionally distilled under reduced 
pressure without further treatment to yield 117.5 gm (81.6%) of n-butyl 
n-butyrate, b.p. 150°-170°C (5 mm). The crude material is washed with 107, 
sodium carbonate solution, extracted with ether, dried over sodium sulfate, 
and fractionally distilled to yield a purified material, b.p. 162°-166°C (5 mm). 
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C. Direct Oxidation of Aldehydes and Ketones 


The direct oxidation of aldehydes and ketones with peracids yields esters 
by the addition of an oxygen atom between the C—C bonds [112, 113]. 


° ° 
per B00, RE ok: (54) 
3-3. Preparation of Ethyl 6-Hydroxyhexoate (Caro’s Acid. Oxidation) [113] 
° 
{ 
at KeSs0n + Hs8Ou_, ©,#,00_{CH»),—CH,OH (55) 


2. C,H,OH + H,SO, 


To a well-stirred mixture of concentrated sulfuric acid (71 ml in 24 ml of 
water) at 10°-12°C is added 50 gm (0.185 mole) of potassium persulfate. Then 
100 ml of ethanol is added at 10°-12°C. While keeping the temperature at 
10°C, 9.5 gm of (0.097 mole) cyclohexanone in 15 ml of ethanol is added over a 
1 hr period. After another 15 min the cooling bath is lowered and the mixture 
is stirred for 1 hr. The mixture is diluted to 1 liter with water, filtered, satu- 
rated with ammonium sulfate, and extracted with ether. After removing the 
ether the residue is mixed with 25 ml of ethanol and 2 ml of sulfuric acid and 
refluxed for 6 hr. The ester is extracted with ether and upon distillation yields 
7.4 gm (50%), b.p. 134°C (15 mm). 


D. Oxidation of Ethers 


Ruthenium tetroxide oxidizes ethers at 10°-15°C to esters in quantitative 
yield. n-Butyl ether when treated this way is reported to give a quantitative 
yield of n-butyl n-butyrate and tetrahydrofuran gives y-butyrolactone [114]. 


4, REDUCTION REACTIONS 


The reduction of aromatic esters with hydrogen using platinum occurs at 
low temperatures and pressures [115]. The use of Raney nickel catalysts 
allows one to reduce phenolic esters in alcohol solution when catalyzed by 
sodium ethoxide [116]. 


.COOR COOR 
2 8 : 
O > CI 


§ 5. Rearrangements 263 


Olefinic esters are also hydrogenated over platinum [117], palladium [118], 
or nickel [119] catalysts. 


RCH=CHCOOR as RCH,CH.COOR (37) 


5. REARRANGEMENTS 
A. The Arndt—Ejstert Rearrangement 


The preparation of diazoketones and their solvolysis with anhydrous 
alcohols in the presence of silver oxide leads to esters with one carbon atom 
more than the starting acid halide. 


R’OH 
RCOCI + CH,N,; —>» RCOCHN, aoe RCH2COOR’ + Nz (58) 
a 


The progress of the reaction can be followed by the amount of nitrogen 
evolved [120, 121]. 

Benzyl esters are prepared by heating the diazoketone with benzyl alcohols 
in the presence of a tertiary amine [122]. 

An example of a preparation using the Arndt-Eistert reaction is given in 
Chapter 9, Carboxylic Acids, 


B. The Favorskii Rearrangement 


a-Halo ketones react with sodium alkoxides and rearrange in anhydrous 
ether to esters [123, 124]. 

Dibromoketones, under similar conditions, give ,8-oiefinic esters in good 
yields [125]. 


5-1. Preparation of Methyl 1-Methylicyclohexanecarboxylate [123] 
Br 


CH, 
CHsONa | 
ot Storey)» 
fo) 


ie] 


To a round-bottomed flask fitted with a mercury-sealed stirrer and contain- 
ing 11.3 gm (0.21 mole) of sodium methoxide (from a freshly opened bottle) 
suspended in ether is added 42 gm (0.21 mole) of methyl a-bromocyclohexyl 
ketone over a period of I to 3 hours at 0°C. The reaction mixture is stirred 
for an additional 2-8 hr under anhydrous conditions. Water is added and the 
ether layer, separated, dried over sodium sulfate, and the ether distilled through 
a 3 ft helix-packed column. The residue is fractionated to yield 25.9 gm 
(79%) b.p. 35°C (3 mm), 1.4456. 
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6. MISCELLANEOUS METHODS 


(1) The reaction of ketenes with hydroxy compounds [126]. 

(2) The reaction of phosgene with hydroxy compounds [127, 128]. 

(3) The reaction of alkyl chlorosulfites or alkyl sulfates with carboxylic 
acid salts [129, 130]. 

(4) The cleavage of a-keto esters [131]. 

(5) The cleavage of £-keto esters [132]. 

(6) Decarboxylation of alkyl hydrogen malonates [133]. 

(7) The reaction of diazoketones with carboxylic acids [134]. 

(8) Pyrolysis of tetramethylammonium salts of carboxylic acids [135]. 

(9) The reaction of aldehydes with anhydrides or acyl halides (136, 137]. 

(10) Acid halide cleavage of ethers [138]. 

(11) The reaction of diazoacetic esters with olefins (139, 140]. 

(12) The reaction of diazonium salts with carboxylic acids [141]. 

(13) Reduction of a- and f-keto esters [142]. 

(14) Reduction of acyl chloromaionates [143]. 

(15) Alcoholyses of benzotrihalides [144]. 

(16) The Darzens reaction [145]. 

(17) The preparation of vinyl acetate by the oxyacetylation of ethylene 
(146). 

(18) The preparation of aromatic esters by the Friedel-Crafts reaction of 
aromatics and diaroyl peroxides (147, 148). 

(19) The preparation of lactones via the hydroformylation of unsaturated 
acids [149]. 

(20) The preparation of lactones via the hydroformylation of unsaturated 
alcohols [150]. 

(21) Oxidative cleavage of cyclopropene by lead tetraacetate and thallium 
triacetate [151]. 

(22) Addition of acetyl hypobromite to styrene and its derivatives (152). 

(23) Metal-halide-catalyzed orthoester formation starting with chloroform 
or carbon tetrachloride and alcohols [153]. 

(24) Esterification of carboxylic acids (including hindered acids) with 
triethyl orthoformate [154]. 

(25) A method of esterification of hindered acids using trifluoracetic 
anhydride [155]. 

(26) The reaction of diethylmalonate with styrene oxide [156]. 

(27) The transesterification of lower vinyl esters with carboxylic acids of 
high molecular weight using salts of metals of the platinum family as 
catalysts in anhydrous medium [157]. 

(28) Carboxylation of allene [158]. 

(29) The synthesis of coumarins [159]. 
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(30) Irreversibility of benzilic ester rearrangement [160]. 
G1) The preparation and hydrolytic stability of trialkylacetic acid esters 


[161]. 


(32) The Prins reaction [162]. 
(33) Reaction of olefins with silver salts and iodine (the Prévost reaction) 


[163]. 


(34) The reaction of ethyl bromoacetate with organoborancs. A con- 
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venient procedure for the conversion of olefins to esters [164]. 
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1, Introduction 
2. Dehydration of Ammonium Salts 
2-1, Preparation of Butyramide 
2-2, Preparation of N,N-Bis (2~ chloroethyl)- a (dchioraceramide)cetamide 
. 3. Condensation Reactions . a 
A. Condensations Involving Acyl Halides e- 
3-1, Preparation of N-Methylacrylamide 
3-2. Preparation of N-(1,/- Dilydrperfuorobutacryamide 
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1, INTRODUCTION 


The most convenient and in many cases most economical method of pre- 
paring amides involves the thermal dehydration of ammonium or amine 
salts of carboxylic acids. Many variations of this reaction have been reported. 
For example, since the preparation of the amine salt of the gaseous amines is 
troublesome, mixtures of the carboxylic acids and ureas may be subjected to a 
combined thermal dehydration and decarboxylation. 

The use of carbodiimides with amines and carboxylic acids is of particular 
interest in the preparation of polypeptides as well as in the synthesis of other 
amides from starting materials bearing other functional groups which may be 
capable of undergoing competing reactions with one of the reagents (e.g., 
acyl halides are usually not suitable for the preparation of amides of amino- 
carbinols, while aminocarbinols with carboxylic acids and a carbodiimide 
afford only amides). 

A very general method for the preparation of amides involves the reaction 
of ammonia or amines with acyl halides or anhydrides, In this reaction, an 
excess of the amine may serve to “scavenge” the hydrogen halide (or car- 
boxylic acid in the case of anhydrides) generated. Strong organic bases may 
also serve to react with the hydrogen halide. The reaction of diacid chlorides 
with diamines is also of importance in the preparation of polyamides such as 
Nylon, In the Schotten~Baumann reaction, aqueous inorganic bases such as 
sodium hydroxide or potassium carbonate are used as hydrogen halide 
scavengers. 

Mixed anhydrides prepared from carboxylic acids and alkyl chloro- 
carbonates are of particular value for the preparation of amides of sensitive 
acids such as N-acylated amino acids. The reaction of cyclic dianhydrides 
with amines yields imides. If diamines are used with dianhydrides, polyimide 
resins are produced. 
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The aminolysis of esters is another useful procedure for the pre- 
paration of amides, particularly in the presence of glycols as reaction 
promoters, 

Transamidations of amides with amines, as well as of carboxylic acids with 
amides, have been reported. 

Since o-haloesters undergo the Reformatskii reaction, «-haloamides may 
also be subjected to this reaction to give amides. 

Another condensation reaction which has been used in the preparation of 
amides is the Grignard reaction with isocyanates. 

Amides have been prepared by the hydration of nitriles. With secondary or 
tertiary alcohols or with certain olefins, nitriles react to produce N-substituted 
amides (Ritter reaction). 

The Beckman, Schmidt, and Wolff rearrangements have also been used to 
form amides. 

In the preparation of amides the reported procedures do not always take 
several factors adequately into account, which may result in difficulties in the 
isolation and purification of the product. Even the syntheses discussed below 
do not always take these into consideration. 

The first of these is that, contrary to the impression gained from the pre- 
paration of amides for identification purposes, not all of them are solids. 
Thus, for example, such commercially available compounds as formamide, 
N,N-dimethylformamide, N,N-dimethylacetamide, N-tert-butylformamide, 
and N,N-dimethyllauramide are liquids at room temperature. N-Acetylethy- 
lene-1,2-diamine, several N-alkyl acrylamides, and a number of N-alkyl 
amides of perfluorinated acids are also liquids. 

The second factor which frequently leads to difficulties in isolation and 
purification arises from the exceptional solvent properties of amides—both 
liquid and solid. Many ionic compounds such as salts, water, and a large 
variety of covalent compounds, including aromatic hydrocarbons, have an 
appreciable solubility in many amides. The amides, in turn, may exhibit an 
appreciable solubility in very diversified solvents. Clearly, this situation may 
bedevil a synthesis with extremely complex solubility distribution coefficient 
problems. Vapor phase chromatography has been used in our laboratories to 
advantage in determining whether the amide has been adequately separated 
from co-products and whether a layer from a phase separation should 
be retained because it still contains product or whether it should be 
discarded. 

Fortunately, many amides are quite thermally stable. Consequently, frac- 
tional distillation can frequently be used to purify those amides which are not 
so high melting that they seriously clog the condensers and provided, of 
course, that other functional groups do not react at the elevated temperatures 
of distillation. 
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2. DEHYDRATION OF AMMONIUM SALTS 


The reaction of carboxylic acids with ammonia normally produces its am- 
monium salt. The dehydration of ammonium salts may be used to prepare 
amides. 

The classical dehydration of ammonium acetate to acetamide is accelerated 
by acetic acid, consequently the usual procedure for the preparation of 
acetamide involves careful distillation of an ammonium acetate-acetic acid 
mixture, The distillate is a solution of acetic acid and water. Finally excess 
acetic acid is distilled out followed by acetamide, yield 87-90%, of theory, 
m.p. 81°C. The product may be recrystallized from a benzene-ethyl acetate 
mixture [1]. 

In the preparation of ammonium carboxylates, ammonium carbonate is 
often a convenient base rather than aqueous or anhydrous ammonia [1]. 

Although other methods may often be more convenient, the dehydration of 
amine salts has wide application, as is illustrated below. 


2-1. Preparation of Butyramide |2] 


oO 
nN 
CH.CH.CH.d_On ++ NHy —» [CH,CH,CH,C--O]- NH,* 00) 
ce] ce] 
[CH.CH,CH,C—0]-NH,* ~~ CH.CH,CH,C—NH, + H,0 Q) 


In a hood, to a 250 ml three-necked flask fitted with an empty, electrically 
heated distillation column maintained between 85° and 90°C and topped with 
a vacuum distillation head, a gas inlet tube, and a thermometer is placed 
88 gm (1 mole) of butyric acid. The butyric acid is heated to 185°C while a 
steady stream of ammonia is passed directly from a cylinder through the gas 
inlet tube into the butyric acid for 7 hr. At these temperatures the water 
formed from the reaction is swept through the apparatus into the distillation 
head where it may be partially condensed and collected. Then the ammonia 
flow is stopped, and the flask is distilled under reduced pressure at 130°- 
145°C (22 mm). Yield of crude product 86.5 gm (84%). The product may be 
crystallized from benzene or ether. To separate the mother liquor, centrifuga- 
tion is recommended. The product is dried in a vacuum desiccator over sul- 
furic acid, m.p. of purified product, 114.8°C. 

By a similar procedure a variety of N,N-dimethylamides have been pre- 
pared. Table I gives preparative details for this procedure. 

Free carboxyiic acids may also be converted to amides by heating the acid 
with urea as a source of the amino function [3]. The reactions must be carried 
out with considerable care since large volumes of gas are evolved during the 
reaction and since urea tends to sublime into the reflux condenser during the 
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TABLE | 
PREPARATION OF ALIPHATIC AMIDES AND DIMETHYLAMIDES 
BY DEHYDRATION [2] 


Acid Flask Condenser Amine Yield Product M.P. 
temp. temp. addition (%) bp. (ce) 
(°C) (-C) time (hr) (CC (mm)] 
Amide of 
Acetic 170°-190" 80° 3-5 96 210°-220° (atm) —_—81.5" 
Propionic 185° 80° 55 93° -200°-220° (atm) ~—81.3° 
Butyric 185° 85°-90" 7 84 = 130°-145° (22) 114.8° 
Valeric 180° 90° 15 82 —100°-130° (6) 105.8° 
Caproic 160° 90° 7 75 135°-150° (10) 101.5° 
Heptoic 160°-190° 90° 47 75 = 130150° (7) 96.5° 
Caprylic 180° 90° 11 80 = 135°~155° (4) 106,0° 
Dimethylamide of 
Formic (95%) 95° 60° 3 73°: 130°-165° (atm) — 
Acetic 150° 80° 3 84  165°-175° (atm) - 
Propionic 155° 80° 3 78 = 165°-178° (atm) — 
Butyric 155° 85° 2.5 84  180°-194° (atm) al 
Valeric 165° 85° 3 87 205°--215" (atm) oo 
Caproic 155° 85° 3 88  220°-230° (atm) = 
Heptoic 160° 8s° 3.5 84 = 165°-175° (95) _ 


preparation. The preparation of heptamide according to Eq. (3) is described 
in detail in the literature [4]. 


2. CHs(CHz)sCO2H + HzsNCONH, —» 2 CH3(CHa)sCONHa + COa + H20 (3) 


While mechanistically, probably quite unrelated to the reactions discussed 
above, the preparation of amides in the presence of carbodiimides may be 
looked upon as a reaction of an acid and an amine. While this reaction is of 
particular value for polypeptide synthesis, it is believed to be quite generally 
applicable. Of particular interest is the fact that the reaction appears to be 
specific for amino groups, hence hydroxy-containing starting materials do 
not usually experience O-acylation [5, 6]. The reaction is characterized by 
high yields, and the course of the reaction can be followed readily by the 
precipitation of highly insoluble substituted ureas. While the original work 
generally refers to the use of dicyclohexylcarbodiimide, other carbodiimides 
are becoming commercially available and their applicability should be ex- 
plored further. 

Carbodiimides must be handled with extreme care since free amino groups 
in the tissue of the operator may readily be acylated. This may cause physio- 
logical effects which are potentially hazardous. 
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A recent example of the reaction is given here mainly as an example of 
the technique involved. Usually much better yields may be anticipated [7]. 


2-2. Preparation of N,N-Bis(2-chloroethyl)-2-(dichloroacetamido)acetamide [7] 


oO Oo 
o,cab_nucnl_on + (CICH3CH,)2NH + CyHir--N=C=N—CoHis 


! 


Co) fo) CH,CH,Cl {?) 
i d v I 
ClCHC-—-NHCH,C—N’ + CoHy:NHCNHCgHi: (4) 
‘CH2CH,Cl 


CAUTION: The carbodiimide must be handled so that neither liquid nor 
vapor comes in contact of personnel due to spillage or inhalation. 


To a solution of 7.4 gm (0.051 moles) of bis(2-chloroethyl)amine in 60 ml 
of tetrahydrofuran is added 9.7 gm (0.051 moles) of N-dichloroacetylglycine. 
To this solution is added dropwise, with stirring, over a 30 min period a 
solution of 10.76 gm (0.051 moles) of N,N’-dicyclohexylcarbodiimide in 60 ml 
of tetrahydrofuran. After an additional stirring period of 30 min, the pre- 
cipitated N,N’‘-dicyclohexylurea is removed by filtration and washed with 
tetrahydrofuran. 

The combined filtrates are evaporated to dryness and the residue is crystal- 
lized from a mixture of ethyl acetate and petroleum ether. Yield 3.0 gm 
(18.6%), m.p. 62.5°-63.5°C. Other preparations of this compound gave yields 
up to 38.5%,. In other amide or polypeptide preparations such as those re- 
ported by Sheehan and Hess [5, 6], much higher yields have been obtained. 


3. CONDENSATION REACTIONS 
A. Condensations Involving Acyl Halides 


The reaction of acyl chlorides with ammonia or primary and secondary 
amines is probably the most generally applicable method of preparing amides 
in the laboratory. A large variety of acid chlorides are available commercially, 
others are readily prepared from the acids. Not only halides of carboxylic 
acids but also those of sulfonic and phosphonic acids, and of picric acid may 
be converted to amides. Both aliphatic and aromatic amines may be subjected 
to acylation with acid halides. The reactions of aliphatic acid chlorides have 
been extensively reviewed [8]. 

The reactions are usually quite rapid, which is desirable in the preparation 
of derivatives for the identification of amines or acids (acid chlorides). The 
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reaction conditions used, however, do not always produce very high yields. 
For example, the acylation of 33 amines with 2-propylpentanoyl chloride 
(dipropylacetyl chloride) afforded yields ranging from 11% to 98%, of which 
half of the amides were recovered in yields of 40% to 69% and one-third in 
yields of 80% to 98% (Table II). 

Since the reaction of an acid chloride with amines is highly cxothermic, 
often quite violent, reaction conditions must be carefully controlled from the 
standpoint of safety. As a consequence, it is customary to carry this reaction 
out at ice temperatures. Even so, local overheating may take place as acid 
chloride is being added to the amine, which may cause loss of amine content, 
particularly if large-scale laboratory reactions are attempted. Furthermore, 
the reaction rate is materially reduced by cooling. Therefore adequate time for 
completion ofithe reaction must be allowed for isolation of an optimum yield. 

The reaction itself is usually carried out in the presence of a base. This 
base serves to neutralize hydrogen chloride formed as a co-product which may 
form a solid amide hydrochloride that could be discarded with other solid co- 
products or by-products. Since the base often forms salts in a very finely 
divided state, considerable product may be occluded, and in our experience, 
it is well to attempt to dissolve this salt in water, even though it appears quite 
dry after its initial separation from the reaction mixtures, and to extract the 
aqueous solution with solvents. Among the extraction solvents to be con- 
sidered are aromatic hydrocarbons. Ether should only be used with caution 
since some simple amine hydrochlorides appear to have significant solubility 
in this solvent. Obviously once this solvent is stripped off, a product residue 
containing both an amide and an amine hydrochloride will be troublesome to 
separate. 

The typical procedures cited below were selected as representative of the 
variety of reaction conditions which may be used. In some cases, excess amine 
is used as the base to neutralize hydrogen chloride. In others, particularly 
when the amine is only available in limited quantities, either strong organic 
bases such as trimethylamine, triethylamine, quinoline, or pyridine, or 
aqueous alkali is used. Even aqueous ammonia has been used to prepare an 
unsubstituted amide such as diallylacetamide from diallylacetyl chloride [10]. 
By a similar procedure the acid chlorides ofi substituted succinomononitriles 
have been converted to amides [II]. 

In the presence of strong bases, amine hydrochlorides may be acylated [12]. 

‘When one of the volatile amines has to be used, a method of measuring 
the amount of: amine utilized is required. We have never found bubbling a 
gaseous amine directly into an acyl chloride solution to be satisfactory. 
Aside from the potential violence of reaction, addition rates are difficult to 
control, amine hydrochlorides may clog the delivery tube, and the reaction 
mixture may “suck back,” even into the gas cylinder. 
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TABLE Il 
YIELDS AND PRrorerties oF N-SURSTITUTED DIPROPYLACETAMIDES [9]* 
CHsCHiCHa 
“CH-—-CONHR 
CH3sCH2CH2 
RNH, m.p.€C) bp. CC ne Yield 

760 mm) (%) 
Propylamine WW _ _ 64 
Isopropylamine 133° = = 53 
Butylamine 69.5" _ _ 58 
tert-Butylamine 14a _ 3 80 
Isopentylamine 38° ~ 16 
Dodecylamine 65.5° cd = 48 
Hexadecylamine 79° = ~ 44 
Amphetamine 104° : _ 59 
N-Aminopropylmorpholine 738° a — 52 
Dimethylaminoethylamine 131 —_ ~~ 62 
Diethylaminoethylamine 16" i as 62 
Diisopropylaminopropylamine 127" — _ 81 
Dimethylaminopropyiamine 199° Pace a3 aT 
Aniline 108° om _ 44 
2,3-Xylidine 161° _ ~ 69 
2,4-Xylidine 140° ae a 98 
2,5-Xylidine 155° — — 53 
2,6-Xytidine 245° ~ = 57 
3,4-Xylidine 109° ses a 49 
m-Chloroaniline 9 es. ae 29 
o-Chlioroaniline 92° — panes 90 
p-Chloroaniline 174.5° = = 89 
p-Anisidine 164,5° ae acs re] 
P-Phenetidine 153° a 92 
Procaine 91° ai 90 
Cyclohexylamine 175° pe =, 48 
Ethanolamine 64° 143° 1.445 40 
Iminodipropionitrile rt a 51 
Ethylenimine = 143° 1.453 38 
Piperidine _ 161° 1.470 96 
Morpholine — 152" 1.469 93 
Piperazine 70.5" = _ 88 


* Reprinted by permission of Bull: Soc. Chin. France, the copyright owner, 
* Oxalate salt. 
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A technique which is frequently satisfactory consists of bubbling the amine, 
in an efficient hood, from the gas cylinder, through a suitable gas trap into a 
tared flask containing the requisite weight of reaction solvent (usually ben- 
zene). From time to time the gas flow is shut off, the delivery tube is removed 
from the flask, and the flask is weighed. This procedure is continued until the 
desired weight of amine is dissolved in the solvent. As the concentration of 
amine increases, the solution may be cooled in an ice-salt bath. The amine 
solution may be stored for short periods of time in an ice-salt bath until ready 
to use. Naturally this operation as well as subsequent ones must be carried 
out entirely in a hood and the operator should be equipped with a suitable 
gas mask, gloves, and rubber apron. 

If desired, the amine solution may be added gradually to the reaction vessel 
containing acyl chloride using a pressure-equilizing addition funnel. Usually, 
however, it is simply transferred to the reaction flask and the acyl chloride is 
added gradually. This reduces the possibility of forming secondary and tertiary 
amides considerably. The preparation of N-methylacrylamide is an example 
of this procedure. 


3-1. Preparation of N-Methylacrylamide [13] 


oO fe) 
a é 
2 CH3NH, + CHa=CHC” —> CH,=CH—C + CH3NH2-HC! (5) 


cl \wHcHs 


To a well-chilled solution of 122.5 gm (4 moles) of methylamine in 500 ml 
of dry benzene is added a solution of 176 gm (1.94 moles) of freshly distilled 
acrylyl chloride in 100 ml of benzene over a 2.75 hr period while maintaining 
a reaction temperature below 5°C. The solid which forms is filtered off, 
dissolved in water, extracted with two portions of benzene, and the benzene 
extract is combined with the filtrate. 

The benzene, excess amine, and water are removed from the product solu- 
tion by distillation. The high-boiling residue is then fractionally distilled, 
The fraction boiling between 92° and 97°C (4-5 mm) is preserved and re- 
distilled at 79°C (0.7 mm). The yield is 107 gm (66% of theory), n3? 1.4730. 
The product may be stored after inhibition with 0.17, of p-methoxyphenol. 
By-products are believed to be the addition products of hydrogen chloride 
or of methylamine to the double bond. 


Frequently amides have to be prepared from an amine which is available 
in limited amounts. Under these circumstances, the use of an excess of the 
amine merely to neutralize hydrogen chloride is uneconomical. For this 
reason, a strong base, such as triethylamine, is added to the reaction system to 
neutralize the generated hydrogen chloride while the weaker amine undergoes 
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acylation. In our own experience, for example, a series of N-alkyl-N- 
(1, |-dihydroperfluorobutyl)acrylamides were prepared by this method 
[13-15]. 

The preparation of N-(1,1-dihydroperfluorobutyl)acrylamide is illustrative 
of the general procedure using liquid amines, not only for the preparation of 
fluorinated amides but for amides in general. The general applicability of this 
procedure for substituted methacrylamides is indicated in the papers by 
Sokolova and co-workers [16]. 

The use of barium chloride in the procedure given here is optional; 
phenothiazine is used as a polymerization inhibitor and benzene or toluene 
may be substituted for ether as a reaction solvent to some advantage. 
Recrystallization solvents may be varied with different amides (e.g., aqueous 
ethanol is frequently used). 


3-2. Preparation of N-1,1-Dihydroperfluorobutyl acrylamide [13] 
a 
CFsCF,CF2CHzNHz2 + CH,=CH—c” + (CzHs)2N 


\ 
| ca 
i 
CFsCF2CF,CH,NH—C--CH=CH, + (CaHs)sN-HC] (6) 


To a solution of 46 gm (0.23 moles) of 1,1-dihydroperfluorobutylamine, 
30 gm (0.3 moles) of triethylamine, 0.1 gm of phenothiazine in 100 ml of 
anhydrous, peroxide-free, ether is added 1 gm of powdered dry barium 
chloride. The mixture is vigorously stirred in an ice~salt bath while a solution 
of 23 gm (0.255 moles) of freshly distilled acrylyl chloride in 50 ml of an- 
hydrous, peroxide-free, ether is added slowly. 

The solid is filtered off, the filtrate is freed of ether and other volatiles by 
distillation. The residue is recrystallized from textile spirits. The yield is 
49 gm (89% of theory), m.p. 57.4°-57.6°C. The product may also be purified 
by distillation at 35°C (2 mm). 


a. TERTIARY AMIDES FROM NITRIDES 


For preparation of tertiary amides (i.e., triacyl amines) amides may be 
acylated with acid chlorides in an excess of pyridine [16a]. This preparation 
evidently is not satisfactory when strong electron-withdrawing groups (such 
as NO,-) are present in the acyl portion of the amide. A new method using 
lithium nitride with acyl halides may be more generally applicable for the 
preparation of tertiary amides with all three acyl groups being identical, 
although conditions for obtaining higher yields remain to be worked out 
[16b]. 
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3-3. Preparation of 4,4' ,4°-Trichlorotribenzamide [16b| 


if 7 3 
cl. { Se a+tin— at \.d x cf Va an 


CoO 


a 

In a dry 200 ml four-necked flask fitted with condenser, stitrer, thermo- 
meter, and an additional funnel is placed a suspension of 1.2 gm (0.034 mole) 
of lithium nitride in 40 ml of dry diglyme. To this is added a solution of 25 gm 
(0.142 mole) of p-chlorobenzoyl chloride over a 2 hr period while maintaining 
the temperature between 35° and 40°C, Stirring is then continued for 6 hr. 
The precipitating product is washed in turn with 100 ml of a 5% sodium 
carbonate solution and with water. Then the product is recrystallized first 
from tetrahydrofuran, then from chloroform. Yield 6.84 gm (48.7%), m.p. 
234°-235°C, 


b, SCHOTTEN-BAUMANN REACTION 


The preparation of amides by reaction of an amine and an acyl chloride in 
the presence of aqueous alkali is the well known “Schotten-Baumann” 
reaction [17]. Since the rate of reaction of the acyl chloride with amines is 
greater than the rate of hydrolysis of the acyl chloride, amide formation is 
favored. Hydrolysis does take place to some extent, however, often leading to 
troublesome problems of separating an acid from an amide. The reaction 
appears to be most satisfactory, if the acyl chloride is relatively insoluble in 
water (e.g. benzoyl chloride). Such acid chlorides appear to react only at their 
exposed surface, possibly with the formation of a protective coating of either 
the amide or the acid, preventing further reaction until the acyl chloride is 
broken up into fine particles by vigorous agitation. We have found indications 
in our own laboratory that the addition of a small percentage of an anionic 
surfactant (e.g. sodium lauryl sulfate) assists in the dispersion of the acyl 
chloride with an increase in reaction rate. Although the Schotten—Baumann 
reaction is widely used, particularly for the preparation of derivatives for the 
identification of small amounts of amines or acyl chlorides by shaking the 
reagents together in a glass-stoppered bottle, the other procedures discussed 
above are probably more satisfactory for the preparation of reasonable 
quantities of amides. (The Schotten-Baumann reaction is extensively re- 
viewed by Sonntag [8].) 
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The preparation of N-tert-butyl-N-cyclohexyl-2-chloroacetamide is given 
here as an example of the Schotten-Baumann procedure to indicate the com- 
plexity of the amine which may be subjected to the reaction. The example 
makes use of potassium carbonate instead of the more usual sodium hydroxide 
as the base. 


3-4, Preparation of N-tert-Butyl-N-cyclohexyl-2-chloroacetamide [18] 


H,C—CH, ois q 
2 nd HON OH + 2CICH,C —Cl + K,CO,; 


HiC—CH, H CH, 
HyC—CH e 
HC sa peat: +2KCI + CO, +H,0 (8) 
HiC—CHs  C(CH,); 


To a dispersion of 46.5 gm (0.3 moles) of N-tert-butylcyclohexylamine, 
42 gm (0.3 moles) of potassium carbonate, 100 ml of water, 400 gm of ice, 
300 ml of benzene, and 100 ml of ether is added with vigorous agitation, over a 
30 min period, 39.5 gm (0.35 moles) of 2-chloroacetyl chloride while maintain- 
ing the reaction temperature between —4° and +2°C. From the organic 
phase, 45 gm of N-tert-butyl-N-cyclohexyl-2-chloroacetamide is isolated 
(yield 657, of theory), b.p. 123°-125°C (0.5 mm). 


An interesting variation of the Schotten-Baumann procedure is involved in 
the so-called “interfacial polycondensation” procedure for the preparation 
of polyamides. Sorenson and Campbell [19] give a number of examples of 
this procedure. Their description of the Morgan and Kwolek [20] “Nylon 
Rope Trick” makes such an interesting demonstration, that it is described 
below. The general procedure may be used to prepare various nylons as well 
as simple amides (with suitable modification of isolation procedures). 


3-5, Preparation of Poly(hexamethylenesebacamide) (6-10 Nylon) [20] 


fe) 
NHz a ° ° 
Chine + Chie > |—NH—(CH2)s—NH- Lochs i (9) 
ceca: on ; 


{s] 
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In a tall-form beaker is placed a solution of 3.0 ml of freshly distilled 
sebacoyl chloride in 100 ml of distilled tetrachloroethylene. Over this solution, 
a solution of 4.4 gm of hexamethylenediamine in 50 ml! of water is carefully 
Placed without disturbing the surface of the acid chloride solution. The 
polymeric film at the interface may be grasped with tweezers or a glass rod 
and pulled out of the beaker as a “rope” which forms continuously. The pro- 
cess stops when one of the reagents is exhausted. The polymer may be 
washed with 50% acetone in water and dried under reduced pressure at 60°C. 


A novel method for the preparation of N,N-dimethylamides uses dimethyl- 
formamide as the source of the dimethylamino group [21]. The procedure 
appears to be applicable to both acyl halides and anhydrides (with a trace of 
concentrated sulfuric acid as a catalyst). 


3-6 Preparation of N,N-Dimethylbenzamide [21] 


te 
2 F ? fis 
q + n—~ — C_NC +CO+ HCI (10) 
a ch 


A charge of 14.3 gm (0.102 moles) of benzoyl chloride and 15 gm (0.206 
moles) of dimethylformamide is heated at 150°C for 4 hr. 

The product is then isolated by fractional distillation at 157°-158°C (35 
mm). The yield of N,N-dimethylbenzamide is 14.6 gm (98% of theory), 
m.p. 40°-41°C, 


B. Condensations Involving Acid Anhydrides 


The acylation of amines by acid anhydrides is very similar to the acylation 
with acyl halides. The reactivity of the anhydrides may be somewhat lower 
than that of the corresponding acyl halides, consequently a longer reaction 
period is usually desirable. 

The general availability of anhydrides is limited. Their preparation is 
often more difficult than the preparation of the corresponding acyl halide. 
Furthermore, if an unusual acid has to be converted, in effect, two moles of 
acid are required to prepare one mole of amide. As will be indicated below, 
by use of mixed anhydrides, this difficulty may be overcome at least in some 
cases. Occasionally use of an anhydride may be indicated, if the product or 
intermediate reagents are sensitive to hydrogen chloride or if the course of 
the reaction must be modified. 

A case in point is the acylation of L-cysteine. When acyl halides are reacted 
with L-cysteine, acylation of the S atom predominates [26, 27]. With acetic 
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anhydride, on the other hand, N-acylation is possible, This example is 
typical of the technique used in acylations with anhydrides. 

In reactions using anhydrides, large excesses of the reagent should be 
avoided, since appreciable quantities of the diacetyl derivative may form [28]. 


3-7, Preparation of N-Acetyl-L-Cysteine [29] 
fe) fe) 
HS—CH,—CH—CO0,HH20 + CHC + 2NaO--C—CHs 
N 
NH: HCl! > 


CHE 
fe) 


oO 
HS—-CH2—CH—CO0zNa # 


+ NaCl + 3 CH;C—OH + HzO ay 
NH—C—CH 


HS—CHs—CH—COzNa 
hey a + HCL —> HS—CHz—CH—CO.H + NaCl (12) 


NH—C—CH. 
: NH—C—CHa 


To a stirred suspension of 35.7 gm (0.2 mole) of L-cysteine hydrochloride 
monohydrate in 87 ml of 91%, aqueous tetrahydrofuran, under nitrogen, is 
added 54.4 gm (0.4 mole) of sodium acetate trihydrate. While this treatment 
reduces the temperature to 9°C, after a 20 min reaction time, the curdy mix- 
ture is cooled further to 3°-6°C and 20.8 gm (0.21 mole) of acetic anhydride is 
added dropwise, The suspension is stirred at room temperature for approxi- 
mately 22 hr, then refluxed for 4 hr. To liberate the free acid, the mixture is 
cooled to 5°-10°C and anhydrous hydrogen chloride (8 gm) is bubbled into 
the mixture. To facilitate handling, additional THF is added, the sodium 
chloride is separated by filtration, and the product is isolated by cautious con- 
centration of the filtrate under reduced pressure at 40°-50°C. The residual oil 
is crystallized from 35 ml of warm water (45°-50°C). Yield 26.3 gm (80.5%), 
in two crops, m.p. 109°-110°C. 


a. THE USE OF CHLOROCARBONATES TO YIELD MixED ANHYDRIDES FOR 
REACTION WITH AMINES 


Some acids such as amino acids are not conveniently converted to acyl 
halides for amide formation through their carboxylate function. Normal 
“dimeric” anhydrides also are difficult to prepare and purify even after the 
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amino group has been suitably blocked. In the authors’ laboratory, conver- 
sion of the carboxylate function of an acetylated amino acid to a mixed 
anhydride with isopropyl chlorocarbonate has been quite successful in the 
preparation of amides according to the reactions scheme shown in Eqs. (13) 
and (14) for many years. This technique has been applied to the preparation 
of amides from mixed anhydrides in general. 


, 2 3 ° 
fe 
R—CH—C ee ae. —_— R--CH—C” 
\ 
| OH. O—CH--CHs | O—C—O—CH--CHa (13) 
NH NH 
é ‘Hy CHg 
ie ic 
R’ R’ 
(e) o 
y, y, 
pe ects oO + R’—NH, —> R—CH—C «d4) 
oo -cH_cH, | ‘NHR’ 
NH NH 
CHy 
oO 20 
, L 


In this preparation, the exact fate of the isopropyl carbonate moiety de- 
pends somewhat on work-up conditions. In most cases, it may be presumed 
that carbon dioxide and isopropanol are formed. 

A related example of the use of mixed anhydrides based on ethyl chloro- 
carbonate, is the preparation of the rather complex amide, 2-phenyl-3- 
(2'-furyl)propionamide [30]. As indicated above, not only can unsubstituted 
amides be prepared by this means, but also various substituted amides. 


3-8. Preparation of 2-Phenyl-3(2'-furyl)propionamide |30) 


I I 
| J CH,—CH—C—OH + Cl-C—OCH,CH, + (CsHs)sN 
ce) 


| 


il 
l hcti,-cn—t-o-6-ocii.crt, + (C,Hs),N- HCI (15) 
‘O 
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Siew 
i 
[ CH “a -C--O—C—OCH;CH; + NH; ——> 


oO 


oO 


0 
{ 5 eae re re eee | (6) 
0 
A 


O 


Ina reaction setup freed and protected from humidity, 50 gm (0.27 moles) 
of 2-phenyl-3-(2'-furyl)propionic acid and 30 gm (0.3 moles) of triethylamine 
in 140 ml of anhydrous chloroform are cooled with a Dry Ice-acetone mix- 
ture with stirring. To this mixture, a solution of 30 gm (0.28 moles) of ethyl 
chlorocarbonate in 75 ml of anhydrous chloroform is added dropwise. After 
1 hr, while maintaining the temperature below 0°C, a stream of anhydrous 
ammonia is passed through the stirred reaction mixture (hood, suitable gas 
traps). Within approximately 30 min, the solution is saturated with respect to 
the ammonia. After the mixture has warmed to room temperature, 500 ml of 
water is added, and the chloroform layer is separated. The chloroform solu- 
tion of the product is treated in turn with 4N hydrochloric acid, water, and is 
then dried with magnesium sulfate. The solvent is then evaporated, and the 
residue is recrystallized from a solution of 80 mi of benzene and 35 ml of 
petroleum ether. Yield 40 gm (80%, of theory), m.p. 100°-101°C. 

Aqueous ammonia has been substituted successfully for the anhydrous gas 
in another preparation [31]. 


Related to the use of mixed anhydrides, is the use of mixtures of acids and 
anhydrides. For example, by use of a mixture of formic acid and acetic an- 
hydride, formamides have been prepared, and by the use of trifluoroacetic 
acid and trifluoroacetic anhydride, trifluoroacetamides have been prepared 
[32]. 


3-9, Preparation of N,N'-Di(trifluoroacetyl)-meso-2,6-diaminopimelic Acid [32] 

To 190 mg (1 mmole) of meso-2,6-diaminopimelic acid dissolved in 2.24 
ml of trifluoroacetic acid, stirred in an ice bath, is added dropwise 0.75 ml 
(5.4 mmole) of trifluoroacetic anhydride. The reaction temperature is allowed 
to rise gradually to room temperature. After a 16 hr period, the reaction 
mixture is again cooled to 0°C and another 0.75 ml of trifluoroacetic an- 
hydride is added. Stirring is continued for 2 hr at 20°C. The reaction mixture 
is evaporated to dryness (hood). The residue is dissolved in anhydrous diethyl 
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oH NH, 0 ° 
HO—C-C-CHe—-CH.—CHy 0” + Cron SFCO, 
NHe Son 
oon nue. CFs 
nol_d_cr,-cly—CHy—€ ton an 


NAgCrs 


ether. The product is then precipitated from solution with petroleum ether. 
Yield 98%, of theory. After recrystallization from ether-petroleum ether the 
melting point of the product is 200°-201°C. 


The acylation of amines with cyclic anhydrides, such as o-phthalic an- 
hydride, pyromellitic dianhydride, or maleic anhydride usually leads to imide 
formation. We have observed in our own laboratory that the reaction goes 
in two steps and somewhat drastic conditions are usually required for ring 
closure to the imide stage. The usual reaction conditions are similar to those 
used with straight chain anhydrides, possibly using acetic anhydride as 
a solvent. However, the molten dianhydride may also be used at times [33]. 


3-10, Preparation of «-Ethylglutarimide [33] 


CH, 0 
Hy a Ne’ 
| +NHs —> 
CH CH-HC. 0 
4 
® CH CH, 
2 2 
oe No.0 a No =0 
ae 
CHsCH,~HC. NH CH sCH;—HC. NH (18) 
40H a 
° ° 


Twenty grams (0.14 mole) of «-ethylglutaric anhydride is heated to 130°- 
140°C. Through a suitable set of gas traps, anhydrous ammonia is rapidly 
passed through the anhydride (hood) for 4 hr. The temperature of the reaction 
mixture is then raised slowly to 250°C. After a heating period of 25 min, the 
imide distills out of the reaction setup between 265° and 280°C. The product 
may be recrystallized from an acetone~ether mixture, Yield 857, of theory, 
m.p. 107°-108°C. 
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Dianhydrides, such as pyromellitic dianhydride, react with diamines to give 
complex polymers which are finding industrial applications as “polyimide 
resins.” 


C. Condensations Involving Esters 


The aminolysis of esters has been used widely for the preparation of amides. 
Water and certain solvents, such as glycols, promote the reaction [36] 
although the presence of glycols may interfere with the isolation of amides 
at times. In the case of olefinic esters, addition of amine to the double bond 
also takes place during aminolysis, an example of the Michael condensation 
discussed in Chapter 13, Amines. 

The aminolysis of esters may be carried out with aqueous ammonia [37], 
gaseous ammonia, and a variety of amines [14, 38, 39]. In the case of malonic 
esters, the methyl esters appear to react more readily, although ethyl esters 
have been used. Generally sodium methoxide is used as catalyst in either 
case [40]. 

With gaseous amines, the addition techniques mentioned under acyl 
halide reactions may be applied. With liquid amines, the preparation of 
N-ethylperfluorobutyramide may serve as a model synthesis. As to final 
purification procedures, solid amides may be recrystallized (alcohol, alcohol- 
water, petroleum ether, etc., are typical solvents), or, in many cases, distilled 
under reduced pressure. Liquid amides are best purified by distillation. 


3-11. Preparation of N-Ethylperfluorobutyramide (14) 


oO oO 
Hl | 
CF.CF.CFa—ocH, + CoHsNHa ——> CFsCFaCFss-NHCsHs + CHsOH = (19) 


To an ice-cooled solution of 2736 gm (12 moles) of methyl perfiuoro- 
butyrate in 2 liters of ether (peroxide-free) is added dropwise 750 gm (16.7 
moles) of cold ethylamine. After completion of the addition, the reaction 
mixture is allowed to warm to room temperature and the solvent and excess 
amine are separated by distillation under reduced pressure and with moderate 
warming. The residue is fractionally distilled; the fraction boiling quite 
sharply at 168°C at atmospheric pressure (759 mm) is collected. Yield 2665 gm 
(92.57%). 


The aminolysis of esters may be conveniently carried out in the continuous 
reactor designed by Allen, Humphlett, and co-workers [41, 41a~f]. 

Figure 1 shows the apparatus assembled from standard laboratory equip- 
ment [42]. In this setup, Columns A, and A, are packed with + inch glass 
helices and heated individually with 275 watt flexible heating tapes, 6 ft 
long and } inch wide, controlled by variable transformers; B is a distillation 
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head; C, a receiving flask; D, an addition funnel; E, a thermometer; F, a 
condenser; G, a vented receiving flask for the more volatile co-product; and 
H, an adapter. Parts B and F can be joined by an adapter H with two clamp- 
able standard ground spherical joints to facilitate proper assembly of the 
equipment. 


Fic. 1. Continuous reactor. 
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3-12. Preparation of N-(2-Methoxy-4-nitraphenyl)benzoylacetamide [A1, 4le, f] 


Tee i 
C\-fc-€-oca +H,N- Os — 
CH,O 
re) ° (20) 
i} I 
Oe ta)>- NO, + C,H;OH 


CH,O 


A small amount of xylene is admitted to the column (Fig. 1) while its tem- 
perature is adjusted to approximately 135°C. Then a solution of 2-methoxy-4- 
nitroaniline in ethyl benzoylacetate in a ratio of 8 gm of amine to 50 ml of ester 
is passed from the addition funnel down the heated column at a rate of 
approximately 10 ml/min. Ethanol distills up the column and is collected in 
receiver G, while the product and excess ester drops into receiver C. In 30 min 
about 46 gm of the amine is processed. Then the column is rinsed with 50 ml 
of fresh ester. The product precipitates in the receiver on cooling and is 
separated by filtration. The filtrate may be recycled after the addition of 
further quantities of the amine. The filtered product is washed with a solution 
of 50% petroleum ether in xylene; the yield is 89% of a yellow product, 
m.p. 178,5°-180°C, One recrystallization with acetic acid does not improve 
the melting point. 


Monoacetylated diamines are prepared by using an excess of the diamine 
over the ester as described below [43]. 


3-13. Preparation of Monoacetylethylenediamine |43] 


0) 
—d 
NHsCH,CHaNH, + CoH,O—C—CHy ——> 


oO 
NHACH,CH,NH—U_cH, +C,H,OH (21) 


A mixture of 500 gm (6 moles) of ethyl acetate and 1550 gm (18 moles) of 
commercial 707, aqueous ethylenediamine is prepared and allowed to stand 
several days after the mixture becomes homogeneous. The solution is then 
distilled, collecting the fraction boiling between 115°-130°C at 5 mm. Upon 
redistillation 365 gm (60%) of monoacetylethylenediamine is collected 
between 125° and 130°C. 
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By use of a suitable phosphoramide, malonic esters have recently been 
converted to ester amides and sym-secondary diamides [44]. An example of 
this reaction is given in Eq. (22) for the preparation of alkyl N,N-dimethyl- 
malonamate. 


° 
| I 
cH,cH,—0l_cx,—(_ocH,.cH, + ((CHs)2N]sP —> 


° 
I 
(cH w—C-cH,2_oct.cH, + CHOP(N(CHa)zh (22) 


The yield for this reaction is reported to be 75.5%. Its general applicability 
to other types of esters ought to be investigated. 

The acetylation of amines with isopropenyl acetate appears to be a transi- 
tion between the highly exothermic reaction of acyl halides and anhydrides 
with amines on the one hand and the reaction of amines with more conven- 
tional esters on the other. While this reagent is of particular value in the pre- 
paration of enol acetate, it has been used for the preparation of amides. One 
interesting aspect of its use is that acetone forms as a co-product which may 
distill off as the reaction proceeds [34]. Isopropenyl acetate and other iso- 
propenyl esters may also be used to N-acylate amides and imides [35]. 


3-14, Preparation of N-(2-Hydroxyethyl acetamide [34] 


° 
I 
HO—CH,CHs—-NHa + cH,-c—o-t_cu, — 
cH; 


0 ¢] 
HO—CH,CH,—NHC—CH, + CHs CH, = (23) 


To 100 gm (1.0 moles) of isopropenyl acetate in a small still is gradually 
added 63 gm (1.03 moles) of ethanolamine. A vigorous reaction takes place 
and acetone is distilled off continuously. The residue is distilled at 135°- 
140°C (1 mm). Yield 85.5 gm (81% of theory). 


D. Condensations Involving Amides and Related Compounds 


a, TRANSAMIDATION REACTIONS INVOLVING AMINES AND AMIDES 


Since many amides may be classified as active methylene compounds, a 
variety of condensation reactions may be carried out with them to yield new 
amides. Such preparations are discussed in Chapter 9, Carboxylic Acids. 

Formanilides have been prepared by a base-catalyzed transamidation with 
dimethylformamide [45]. In this example, DMF serves as the source of the 
carboxylate-function in the presence of amines. 
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3-15. Preparation of 2-lodoformanilide [45] 


NH; 
pnt ty NaOCH, 
+ ea Ha Co NCEE ‘ya (24) 
CH; 


A mixture of 16.2 gm (0.3 mole) of sodium methoxide and 32.9 gm (0.15 
mole) of 2-iodoaniline in 150 ml of dimethylformamide is refluxed for 30 min. 
The product is then isolated by diluting the reaction mixture with water. 
Yield 25.2 gm (68%), m.p. 113°-113.5°C. 


A general method of acylating amides consists of the rapid heating of an 
amide with the hydrochloride of the desired aliphatic or aromatic amine [46]. 
3-16. Preparation of N-(a-Naphthyl)acetamide [46] 

9 
NH, HCI NH-C_cH, 


ce + CHe—NH, —> ee + NHC] (25) 


A mixture of 17.9 gm (0.1 mole) of «-naphthylamine hydrochloride and 
10 gm (0.17 mole) of acetamide is heated until the precipitation of ammonium 
chloride is complete (a few minutes). The ammonium chloride is separated by 
repeated washing with warm water. The product is isolated by filtration, 
followed by recrystallization from ethanol. Yield 14.8 gm (80%), m.p. 132°C. 


b, TRANSAMIDATION REACTIONS INVOLVING ACIDS AND AMIDES 


At elevated temperature acidolysis of amides (or transamidation) with 
carboxylic acids may be carried out [47]. The general applicability of this 
reaction requires further study. 


3-17, Preparation of Oleamide [47| 


I 
CH3—(CHa);—CH==CH—(CHa)z d OH + NH2C—H -—> 


CH.(CHa),—CH=CH—(CH,),—-2-NHy + Hodu (26) 


A mixture of 28,3 gm (0.1 mole) of oleic acid and 5.4 gm (0.12 mole) of 
formamide is heated in a reflux setup fitted with gas inlet tube, thermometer, 
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and a steam-heated condenser for about $ hr to 185°C. The temperature is 
then raised to 230°C (1 hr) and held at that temperature for } hr. The reaction 
mixture is then cooled and dissolved in 65 ml of acetone, treated with acti- 
vated charcoal, and filtered. Enough acetone is then added to raise the 
solvent-to-solute ratio to 3 ml/gm and the solution is cooled to 0°C. The pro- 
duct precipitates. Yield 16.7 gm (59%). Upon recrystallization from acetone a 
507, overall yield (14.0 gm) is obtained, m.p 75.0°-75.5°C. 


E. Condensations Involving Amides and Imides 


N-Hydroxymethylated amides are readily prepared from an amide and 
formalin [48]. Related reactions with other aldehydes appear to be quite 
general. 


3-18. Preparation of N-Hydroxymethylphenylacctamide (48) 


fe) fe) 
i i 
C \- cen + CHO —> CS - cu, € cro 7) 


In a water bath, a dispersion of 50 gm (0.37 mole) of phenylacetamide, 
50 ml of a 47, aqueous solution of potassium carbonate, and 40 ml of 40%, 
formalin are warmed until completely dissolved. After cooling to room 
temperature and allowing the mixture to stand for 12 hr, the product sepa- 
rates and is collected by filtration. 

The crude product is washed in turn with dilute sodium hydroxide and with 
water, After drying the crystalline mass, it may be recrystallized from 
toluene. Yield 51 gm (837,), m.p. 78°C, 


With sufficiently strong bases the unsubstituted amino group of an amide 
exhibits its acidic character, a fact which may be utilized to prepare N- 
alkyl-substituted amides [49]. This reaction is, of course, of particular value 
in the case ofi phthalimides which may be reacted with alkyl halides to give 
N-alkylphthalimides in the Gabriel amine synthesis. 


3-19, Preparation of 2-(4-Methoxyphenyl)-N-methylacetamide [49] 


9 9 
rN I Aun I 
CH,O CH,—C—NH, + CHgl #4, CH,O— CH,C—-NHCH; 


(28) 


Ina dry nitrogen atmosphere, to 1.4 gm (0.058 mole) of sodium hydride in 
50 ml of anhydrous xylene is added 8.3 gm (0.05 mole) of 2-(4-methoxy- 
phenyl)acetamide in 200 ml of anhydrous xylene. The mixture is stirred and 
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refluxed under nitrogen for 24 hr. The reaction mixture is cooled, 20 gm 
(0.14 mole) of methyl iodide is added, and refluxing is continued for 8 hr. The 
mixture is then filtered hot. The filtrate is evaporated to dryness, The residue 
is distilled under reduced pressure. Yield 7.2 gm (80%), b.p. 137°-140°C 
(3.5 mm), m.p. 57.9°C. 


The classical alkylation of phthalimide has been reported to be catalyzed 
by dimethylformamide [50]. 


3-20. Preparation of N-(9-Bromononyl phthalimide [50] 


C 
Chl + BrCH,(CH,);CHsBr —+ 
i 4 
‘| 
Zee 
‘NH{CHs)—CHiBr + KBr (29) 
SS Cc 
It 
cs) 


Le} 

A dispersion of 8.45 gm (0.05 mole) of potassium phthalimide, 57.2 gm 
(0.2 mole) of 1,9-dibromononane, and 3.3 gm of dimethylformamide is heated 
for 14 hr at 160°C. The precipitated potassium bromide is separated by 
filtration, and the excess dibromononane and dimethylformamide are re- 
moved by distillation under reduced pressure. The residue is fractionated 
under reduced pressure, The solid portion of the distillate is recrystallized 
feom ethanol. Yields vary from 40% to 78% depending on minor variations 
in procedure; m.p. 37.5°C. 


Amides and imides may be acylated to give tertiary amides with higher 
isopropenyl esters [35]. This procedure permits the preparation of tertiary 
amides with three different acyl groups, although usually better yields are 
obtained when two similar acyl groups are present. This procedure has been 
applied to cyclic imides (e.g.; succinimide, maleimide, phthalimide, barbi- 
turic acids), cyclic imide-amides (¢.g., spirohydantoins), N-alkyl amides, and 
N-aryl amides with enol esters of long-chain esters. 


3-21, Preparation of N-Stearoylsaccinimide [35] 


In a flask submerged in a heating bath, 11.9 gm (0.12 mole) of succinimide, 
38.9 gm (0.12 mole) of isopropenyl stearate, and 100 mg of 4-toluenesulfonic 
acid monohydrate are heated for 20 min at 190°C, using a magnetic stirrer as 
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soon as the mixture becomes fluid. The reaction is considered complete when 
the evolution of acetone ceases. The reaction mixture is cooled, the residue is 
recrystallized from pentane (charcoal). Yield 38 gm (877,), m.p. 95°-96°C. 


o 
@ 
CH.—C CH, ° 
\ \ ll 
NH + C—O—C—(CH,):sCHs —> 
/ 7 
Hy—C” CHs 
_ 
x) 
CHC” OO 
eee | i] 
DB C—(CHs)1e—CHy + CH»C—CH, (30) 
CHy—-C 
\ 


In the Reformatskii reaction, N,N-dimethyl-o-haloamides may be substi- 
tuted for the usual «-halo esters to give N,N-disubstituted -hydroxyamides 
[51]. 


3-22, Preparation of N,N-Dicthyl-l-hydroxy-4-methyleyclohexaneacetamide 
{51] 


CH,CHy, ° i 
\v-bee c. ba 
om HaBr+ ON _ 
CHa CHa 
CH,CHa | 
CHa CHa 
on 
CH 
CHs—CHg, OH O CH2CH, 
Li VZ, fl 
CH,—CH Pim @) 
‘CH,—CH,' ‘CHsCHs 


In thoroughly dried equipment, a calculated quantity of 957, zinc-57% 
copper alloy turnings, a crystal of iodine, and 15 ml of a solution prepared by 
dissolving 38.8 gm (0.2 mole) of N,N-diethyl-a-bromoacetamide (CAUTION: 
lachrymatory and sternutatory) and 22.4 gm (0.2 mole) of 4-methylcyclo- 
hexanone in 150 ml of toluene are cautiously heated to refiux with vigorous 
stirring until reaction starts. After the reaction subsides, the remainder of the 
solution is added at such a rate that gentle refluxing is maintained. Then the 
mixture is heated for an additional hour, cooled, and cautiously poured into 
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200 ml of cold 10%, sulfuric acid. The copper and zinc-containing co-products 
are removed by filtration. The organic layer is washed in turn with a 57, 
solution of sulfuric acid, potassium carbonate solution, and a saturated salt 
solution until neutral. The solution is dried, the solvent is evaporated under 
reduced pressure, and the product is distilled at 104°-105°C (0.3 mm). 
Yield 25 gm (59%). 


F. Miscellaneous Condensation Reactions 


The reaction of isocyanates with Grignard reagents often affords a good 
yield of amides [52]. 


3-23. Preparation of N-(2-Furyl)benzamide [52] 


° 
I 
CS-wane «| | ico — bout J (32) 


In thoroughly dried equipment 18 gm (0.1 mole) of phenylmagnesium 
bromide is prepared in 75 mi of anhydrous ether. The solution is cooled to 
0°C and 8.9 gm (0.082 mole) of 2-furyl isocyanate is added dropwise with 
stirring. The resultant product is hydrolyzed with an excess of a 15%, solution 
of ammonium chloride in water and then extracted with ether. The combined 
ethereal solutions are dried over Drierite. The volume of the solution is 
reduced to 50 mi by distillation; crystals of N-(2-furyl)benzamide separate 
and are isolated by filtration. A single recrystallization from benzene affords 
a nearly white product, yield 12.3 gm (807), m.p. 124.5°C. 


4. HYDRATION REACTIONS INVOLVING NITRILES 


The acidic hydration of nitriles is carried out in the presence of a limited 
amount of water to minimize the hydrolysis of the resultant amide to the free 
acid. One method of controlling the water concentration involves the use of a 
solution of water in sulfuric acid corresponding approximately to sulfuric 
acid monohydrate (84.57, H,SO,) in composition. This acid tends to form an 
amide acid sulfate salt from which the free amide may be isolated by neutra- 
lization (with calcium oxide in commercial practice [53] or with ammonia as 
in the example below [54)). 

This method may be used with sensitive nitriles such as acrylonitrile [53]. 
It even permits retention of steric configurations, as in the hydration of cis- 
B-chloroacrylonitrile to cis-8-chloroacrylamide cited here as a typical example 
of the procedure [54], although the reported yield is not as high as it might be. 
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While, in principle, hydrochloric acid may be used in the hydration of 
nitriles in the case of acrylonitrile [55], some of the hydrogen chloride may 
add to the double bond. 


4-1, Preparation of cis-B-Chloroacrylamide [54] 


H H H. H 
Nowe” + H,SO, + H,0 —> Nou” 
a Non a” contsH.so, 
i. H H H 
No=c” + NH; ——> Nowe” + NH,HSQ, 
a” cont +H,SO, a \conn, (33) 


To a solution of 113.2 gm of 95.4% sulfuric acid and 14.6 gm of water 
(equivalent to 1.1 moles of H,O in an 85.3% H,SO, solution) is gradually 
added 87.5 gm (1 mole) of cis-8-chloroacrylonitrile while maintaining the 
reaction temperature between 85°C and 90°C, first by cooling with an ice 
bath, later, as the reaction subsides, by heating. Warming is continued for 
90 min after completion of the addition. The reaction is then cooled to 40°C 
and poured, with vigorous stirring, into a mixture of 400 gm of ice and 145 ml 
of concentrated ammonia solution while maintaining the reaction temperature 
below 35°C with external cooling. 

The crude product is filtered off. The solid is then extracted with several 
portions of hot acetone. The acetone solution of the product is then evapo- 
rated to dryness, The residue is recrystallized from ethyl acetate. Yield 51.5 gm 
(48.9% of theory), m.p. 111°~112°C. 


The alkaline hydration of nitriles to the amide stage in the presence of 
hydrogen peroxide has been described [56-58]. While this procedure has been 
applied widely with excellent results, careful control of reaction conditions 
must be exercised and precautions against explosions must be taken since 
large volumes of oxygen may evolve suddenly. 


4-2. Preparation of 6-Methoxy-2-nitrobenzamide [59] 


OCH, OCH; ° 
CN +H,o 8, C—NH, (34) 
‘NO, NO, 


To 1 gm (0.0056 mole) of 6-methoxy-2-nitrobenzonitrile in 50 ml of ethanol, 
is added 0.8 ml of 6N sodium hydroxide and 50 ml of 10%, hydrogen peroxide. 
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The mixture is heated cautiously for 1 hr at 40°-50°C. Then the reaction 
system is evaporated to dryness. The residue is extracted with ether; the ether 
solution is then evaporated to dryness. The new residue is recrystallized from 
ethanol. Yield 1 gm (91%), m.p. 195°C. 


The Ritter Reaction 


The reaction of nitriles with secondary or tertiary alcohols or with olefins 
has been termed the Ritter reaction [60, 61]. A large variety of olefins (e.g., 
2-methyl-2-butene, mesityl oxide, chalcone) and of nitriles and dinitriles 
have been subjected to the reaction. 


4-3. Preparation of N,N'-Diisopropylfamaramide [62] 


° CHs 
lL A 
‘He OHC—C-—-NCH 
H—C—CN aN i NY 
ll + 2CH;—CH—-CH, ——> ‘CHN-—-C—CH CHs = (35) 
CN—C—H | Zou 


OH CH 


A solution of 3.9 gm (0.05 mole) of fumaronitrile (handle with care— 
lachtymator and vesicant) in 20 ml of concentrated sulfuric acid is prepared at 
room temperature. While maintaining this solution below 45°C with an ice 
bath, 6.0 gm (0.1 mole) of isopropanol is added over a 20 min period. The 
reaction mixture is then cautiously poured into cold water. The crude product 
which precipitates is filtered off, slurried with 50 ml of dilute sodium carbonate 
solution, washed with water, and then recrystallized from water. Yield 
807, m.p. 320°C after darkening at 225°C. A further crop may be obtained by 
neutralizing the acid filtrate. 


5. REARRANGEMENT REACTIONS 


A. Beckmann Rearrangement 


Oximes of aldehydes, ketones, oxime ethers, and esters are susceptible to 
rearrangement by a variety of strong acidic reagents such as phosphorus 
pentachloride, benzenesulfonyl chloride, sulfuric acid, acetyl chloride, 
phosphorus oxychloride, chloral, hydrogen chloride, and polyphosphoric 
acid [63]. 


5-1. Preparation of Phenanthridone \63} 
A mixture of 2.0 gm (0.01 mole) of fluorenone oxime and 60 gm of poly- 


phosphoric acid is heated to 175°-180°C with manual stirring. The resultant 
solution is cooled and diluted with 300 ml of water. The precipitated product 
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is filtered off, washed with water, and dried. Yield 1.85 gm (43%) of phenan- 
thridone, m.p. 286°-289°C, 


a=0 


Yon 
nn 
So=O8 


< \ (36) 
B. The Schmidt and Curtius Rearrangements 


Under certain conditions, both the Schmidt and the Curtius rearrangements 
can afford amides. Since these reactions involve derivatives of hydrazoic 
acids, very serious explosion hazards exist and we therefore only cite a few 
references to these reactions and caution the reader that very serious accidents 
have occurred in the preparation and handling of azides [64-68]. 


C. The Wolff Rearrangement 


The Wolff rearrangement [22] of diazoketones in the presence of ammonia 
gives rise to amides. By going through this modification of the reaction, the 
Arndt-Eistert synthesis [23] may be used to convert an acid to an amide of 
the acid with one additional methylene group in the chain, Since both the 
formation and the handling of diazomethane, used in the reaction, is ex- 
tremely hazardous, because of both explosions and toxicity, only small-scale 
reactions should be attempted, with extreme precautions, even though much 
of the literature gives little indication that an element of danger exists 
(see Chapter 15, Diazo Compounds). 


5-2. Preparation of 11-Bromoundecanoamide [24] 


A ao 34 
BrCH.(CHa)sC + 2CH2Ng -—> BrCH,(CHa)sC. + CH,Cl+ Nz (37) 
Na CHNg 
oO 
BrCH.(CHC” + NH ” BrCHa(CH.)C” +Na (38) 
CHIN: \wit 


CAUTION: Diazomethane is extremely toxic and a potential explosion 
hazard. 


To 84 gm (0.2 moles) of diazomethane [25] (see Chapter 15, Diazo 
Compounds) in 350 ml of anhydrous ether is added, with agitation, and while 
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maintaining the temperature between 0° and 5°C, 9.1 gm (0.033 moles) of 
10-bromodecanoyl chloride is added. The reaction mixture is then stored for 
16 hr under refrigeration. The diazoketone is isolated by evaporation of the 
solvent under reduced pressure at a temperature maintained below 30°C. 
A yellow solid, m.p. approx. 30°C is isolated. Yield 12.5 gm (98%). 

To 12.5 gm (0.043 moles) of the diazoketone, dissolved in 100 ml of freshly 
distilled, warm dioxane in a large flask is added 30 gm (0.35 moles) of 207, 
aqueous ammonia and 6 ml of 10%, aqueous silver nitrate. The reaction mix- 
ture is warmed in a boiling water bath. A vigorous evolution of gases takes 
place at once, After the solution has turned from yellow to an opaque brown, 
heating is continued for 25 min, followed by filtration of the solution. 

Upon cooling, the product separates as a microcrystalline solid which is 
recrystallized with charcoal treatment from aqueous alcohol. Yield 5.7 gm 
(49%), m.p. 105°C. 
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1, INTRODUCTION 


Since the cyanates were not isolated until quite recently, satisfactory 


methods of synthesis are quite limited. 


The best available method appears to be the reaction of cyanogen chloride 
and phenol under such conditions that the level of an added base is carefully 


limited at all times. 
301 
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yrs 
ArOH + CICN SERN, Arocn + [(CoHssNHICI 1) 

Isocyanates are prepared by the reaction of amines with phosgene. 
RNH, + COCl, —» RNCO + 2 HCI Q) 


Convenient laboratory methods involve the reaction of alkyl halides or 
dialkyl sulfate with inorganic cyanates such as silver cyanate. 


R,SO, + 2 KNCO ——» 2RNCO + K2SO, @) 
RX + AgOCN ——» RNCO + AgxX (4) 


The decomposition of urethanes either thermally or in the presence of 
phosphorus pentachloride has been reported. An interesting new reaction 
involves the decomposition of phosphoramidate anions. 

Quite recently a more direct preparation has been developed in which ali- 
phatic or aromatic amines are reacted with carbon monoxide in the presence 
of PdCl, [1]. The reaction is slow but it has the potential of offering a con- 
venient method of preparing isocyanates in the laboratory. 


RNH; + CO + PdCl, —-> RNCO + Pd + 2 HCl (5) 


Since isothiocyanates are generally higher boiling than the corresponding 
isocyanates, exchange reactions of the type illustrated in Eq. (6) are possible. 


RNCS + ArNCO —» RNCO + ArNCS (6) 


The classical Curtius, Lossen, Hofmann, and Schmidt rearrangements may 
be used to prepare isocyanates although normally isocyanates are considered 
only intermediates in these reactions. 

The thiocyanates are usually prepared by the condensation of alkyl halides 
(or sulfates) with potassium or ammonium thiocyanate. 


RX + KCNS ——-> RSCN + KBr (ea) 


Aromatic thiocyanates have also been prepared by the action of potassium 
thiocyanate or cuprous thiocyanate on diazonium salts. 

The isothiocyanates have been prepared by the condensation of amines 
with carbon disulfide in the presence of a base to yield the dithiocarbamate 
which, in turn, is decomposed by reagents such as lead nitrate to the isothio- 
cyanate [see Eqs. (25) and (26)]. 

Just as amines react with phosgene to give isocyanates, thiophosgene may 
be used to prepare isothiocyanates [see Eq. (30)]. 


CAUTION: All compounds considered in this chapter should be handled 
with great care. Aside from the fact that many have strong, unpleasant odors, 
many exhibit strong physiological reactions, Many are lachrymators and/or 
vesicants. 
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A. Nomenclature 


Esters of cyanic acid are referred to as cyanates and have been assigned 
structure (I). The related and better known isocyanates have structure (II). 


R-—O—C2=N R—N=C=0 
1) ayn 
Cyanates Isocyanates 


Similarly among the sulfur analogs, thiocyanates have structure (III) while 
the isothiocyanates have structure (IV). 


R—S—C=N R—N=C--S 
Catt) (Iv) 
Thiocyanates Isothiocyanates 


Other isomers, whose preparation is beyond the scope of this chapter, are 
the fulminates (V) and the nitrile oxides (VI). Of these, probably because of 
the extreme explosion hazards, the electronic structure of the fulminates has 
not been settled completely. 


R—ONC R—CaiN~>O 
(vy) (vl) 
Fulminates Nitrile oxides 
2. CYANATES 


Until quite recently, the true cyanates, ROCN, had not been isolated. Thus 
the reaction of sodium phenolates with cyanogen halides was shown to follow 
the course given in Eqs. (8) and (9) by both Nef [la], and Hantzsch and Mai 
[2]. 

NNa NH 
t. 1, RO- lL 
Ar—ONa + CICN ~——> ArO—C—CI arerad ArO—C-OR + NaCl (8) 


+ 3 ROH (9) 


In 1960, however, a few sterically hindered cyanates were produced by 
essentially the same process [3]. All these procedures involved the addition 
of cyanogen halides to a reaction medium in which an excess of alcoholates or 
phenolates was present. Therefore imido diesters form rapidly in the basic 
medium followed by trimerization unless steric factors prevent this reaction. 
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In 1964, Grigat and Piitter began the publication of an extensive series of 
papers on the chemistry of cyanates in Chemische Berichte. In their first paper 
of the series [4], Grigat and Piitter point out that, if reaction conditions are 
such that the base is never present in excess, true cyanates can be prepared 
from phenolic compounds unless several electron-withdrawing groups are 
present in the aromatic nucleus. Even some aliphatic cyanates could be pre- 
pared by this procedure, provided strongly acidic alcohols such as the tri- 
haloethanols or enols were used as starting materials. 

These investigators found that purified cyanates are stable for several weeks. 
They can be recrystallized and in some cases can even be distilled. 

The reactions may be carried out in acetone or other solvents such as ether, 
carbon tetrachloride, benzene, acetonitrile, or ethyl acetate. The cyanogen 
halides used may be either cyanogen chloride or, if a higher boiling point or 
higher reaction temperature is desired, cyanogen bromide. 

CAUTION: These compounds are believed to be extremely toxic. 

The usual base used in the reaction is triethylamine. With inorganic bases, 
such a sodium hydroxide, aqueous media have been used, although yields 
usually are lower. The range of phenols used in the Grigat and Pitter pro- 
cedure is quite extensive, including phenol, 2-methylphenol, 3-methylphenol, 
4-methylphenol, various other mono- and dialkylphenols, naphthols, chloro- 
phenols, nitrophenols, methoxyphenols, trihydroxyquinolines, trihaloethanols, 
hydroquinones, hydroxybiphenyls, etc. 

Depending on the substituents present in the aromatic nucleus, the cyanates 
show more or less tendency to trimerize in the presence of mineral acids, 
Lewis acids, bases, as well as phenolic impurities. The reaction proceeds quite 
smoothly and therefore the cyanates become a very useful starting point for 
the preparation of a large variety of triaryl esters of cyanuric acid. 


2-1. Preparation of Phenyl Cyanate [4] 


C\-on + CICN Sete, ( \-ocx + (CaHy)sNHCI (10) 


In a suitable hood and with precautions for handling a toxic material such 
as cyanogen chloride, a solution of 94.1 gm (1.0 mole) of phenol in 250 ml of 
acetone is cooled to 0°C. To the cold solution, 65.1 gm (approximately 
1,05 moles) of liquid cyanogen chloride is added. While cooling is continued 
in an ice bath, 101.2 gm (1.0 moles) of triethylamine is added dropwise with 
vigorous stirring at such a rate that the temperature never exceeds 10°C, 
After the addition has been completed, stirring is continued for an additional 
10 min, the triethylamine hydrochloride is separated by filtration and ex- 
tracted three times with 100 ml portions of acetone. The acetone solutions are 
combined and evaporated under reduced pressure. (CAUTION: The evaporat- 
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ing solvent may contain cyanogen chloride and due precautions must be taken 
that the exhaust from the aspirator or pump be properly treated.) The residue 
is then subject to distillation under reduced pressure to yield 112 gm (94%), 
b.p. 55°C (0.4 mm). 

In the case of cyanates which are solids, such as the dicyanate derived from 
hydroquinone, the acetone solution of the reaction mixture is poured into an 
excess of ice water with vigorous stirring, whereupon the triethylamine hydro- 
chloride goes into solution allowing the dicyanate to precipitate. 

Another recent method for the preparation of phenyl cyanates makes use 
of sodium azides according to the reaction scheme of Eq. (11) [5]. 

S 
Roc” + NaN; —> | | 
wel NN 
Since we consider reactions involving sodium azide potentially extemely 
hazardous, mention of this process is made here for reference only. 


—™ ROCN a 


3, ISOCYANATES 
A. Condensation Reactions 


In view of the fact that the diisocyanates of aromatic diamines are of great 
industrial importance today, undoubtedly the most common method of 
preparation of diisocyanates, as well as of monoisocyanates, is based on the 
reaction of amines with phosgene. From the standpoint of laboratory pro- 
cedures, suitable models for the preparation of many isocyanates are given 
in the literature [6]. In connection with these preparations, precaution must 
be taken, since the amines, isocyanates, and phosgene are very toxic. Also, it 
is important in the laboratory preparations to keep moist air, water, and 
protic solvents out of contact with the isocyanates. 

The reaction of aromatic amines with phosgene to produce isocyanates has 
wide applicability. The example of the preparation of p-nitropheny! isocyanate 
illustrates the general procedure. Even complex aromatic amines such as 
fluorescein amine may be subjected to the reaction to produce fluorescein iso- 
cyanate, which has found some application in biochemical research [7]. 

In the preparation of aliphatic isocyanates, the volatility of the amines may 
lead to poor yields when phosgene is bubbled into the reactant. For this rea- 
son, thoroughly dried hydrochloride salts of the amines, suspended in high- 
boiling inert solvents are substituted for the free amine [7a]. Vapor phase 
preparation of isocyanates has also been reported [7b]. 

To minimize such side reactions as the formation of substituted ureas, the 
reaction is generally carried out in an excess of phosgene. 
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CAUTION: Phosgene is a war gas and, being extremely toxic, must be 
handled with extreme care. All work must be carried out in a well-ventilated 
hood. The operator must wear a gas mask suitable for use with phosgene, 
rubber gloves, and a rubber apron. It is also recommended that in the general 
work area, filter papers marked with “High” and “Low” Concentration 
Phosgene Warning Crayons be placed and watched throughout the reaction. 
If color changes are observed on either of the marks, quick and appropriate 
decontamination actions must be taken. These phosgene detectors are 
available from the Aromil Chemical Company, Baltimore, Maryland. 


3-1. Preparation of p-Nitrophenyl Isocyanate \6) 


° 
Il 
on{_\-nn, + Cl-C—Cl —+ 0,N— NCO + 2HCI (12) 


CAUTION: This reaction must be carried out in a well-ventilated hood, 
behind a shield, and, as a minimum, observing the precautions outlined above. 

The reaction system is assembled as follows: The phosgene cylinder is con- 
nected through a mercury pressure regulator in turn to a gas wash bottle 
filled with cottonseed oil to remove chlorine, a wash bottle containing con- 
centrated sulfuric acid, and an empty flask large enough to hold the contents 
of the reaction flask. To this is connected a gas delivery tube in a 5 liter three- 
necked flask fitted also with an addition funnel and a goose-neck leading to a 
condenser. The condenser is connected to a filter flask which serves as a 
distillate receiver. The vent of this receiver is connected to a gas wash bottle 
containing 207, sodium hydroxide solution and a safety trap. Finally, this 
trap is connected to an aspirator which permits drawing the phosgene into 
the reaction flask by slightly reducing the pressure inside the system. 

In the three-necked flask is placed 500 ml of dry, ethanol-free ethyl acetate. 
This solvent is then saturated with phosgene. While a slow stream of phosgene 
is passed into the system throughout the reaction, a solution of 150 gm 
(1.09 moles) of p-nitroaniline in 1500 ml of ethyl acetate is added slowly 
through the addition funnel over a 3 hr period. 

The p-nitroaniline is added in such a manner that the p-nitroaniline hydro- 
chloride which forms initially is allowed to dissolve in the reaction medium. 
If necessary, the flask is gently warmed. 

While the addition is being completed, the solution is gently boiled to assist 
in breaking up the p-nitroaniline hydrochloride lumps. After completion of 
the addition, the stream of phosgene is continued for 5 min. The phosgene 
stream is then turned off. The addition train is removed, boiling chips are 
added to the flask, the stopper which had carried the gas delivery tube is re- 
placed by a solid stopper, and the ethyl acetate solvent is distilled off by the 
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careful application of heat. To the brown residue is added 800 ml of hot car- 
bon tetrachloride and the insoluble disubstituted urea by-product is separated 
by filtration. 

Then about two-thirds of the solvent is distilled from the filtrate. The solu- 
tion is then chilled and the crystals of p-nitrophenyl isocyanate are filtered off 
and stored in a tightly closed container. A further crop of product may be 
obtained by work-up of the mother liquor. The product may be recrystallized 
from dry carbon tetrachloride. Yield 160 gm + 10 gm (83-95%), m.p. 56°- 
57°C, b.p. 160°-162°C (18 mm), light yellow needles. 


a. THE Use oF INORGANIC CYANATES 


The reaction of an alkyl halide or a dialkyl sulfate with inorganic cyanates 
often leads to alkyl isocyanates. The yields from these preparations are highly 
variable, although the reaction is quite generally applicable. We believe that 
part of the problem of the preparation involves the low order of solubility of 
the inorganic cyanate in the reaction medium. In the light of recent work [8], 
the use of such dipolar aprotic solvents as dimethyl sulfoxides, dimethyl- 
formamide, N-methylpyrrolidone, hexamethylphosphoramide, and acetoni- 
trile in conjunction with the cyanates should be explored further. 

In our own laboratory we have favored the use of silver cyanate with alkyl 
halides [9]. This reagent seems quite generally applicable and has even been 
used in the preparation of «-keto isocyanates from acid chlorides [10]. In our 
own example below, the yields reported are not necessarily representative of 
the best reaction conditions, When silver cyanate is used in conjunction with 
an alkyl halide, silver halide is formed which tends to coat silver cyanate and 
thereby reduces the extent of the reaction. It is possible to recover the con- 
taminated silver cyanate by grinding it to separate silver halide from it to 
some extent and then reusing the compound in another preparation. 


3-2, Preparation of Allyl Isocyanate [11] 
CHg==CHCHal + AgOCN > CHa=CH-—-CHza—N=C=0 + Agl (13) 


To 2000 gm (12 moles) of ally! iodide (readily prepared by the addition of 
allyl bromide to a solution of sodium iodide in acetone followed by the filtra- 
tion of sodium bromide and evaporation of the solvent) in 2 liters of xylene at 
10°~-15°C, finely ground silver cyanate is added portionwise over a 3 hr period 
during which the temperature is maintained at 10°-15°C. After the addition 
has been completed, the reaction mixture is heated for 3 hr at 75°C. After 
cooling, the mixed silver iodide-silver cyanate is separated by filtration 
and the filtrate is subjected to distillation. The fraction distilling between 
80°-95°C is recovered and subjected to redistillation to yield 419 gm (427) of 
allyl isocyanate, boiling at 84°C. 
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B. Decomposition Reactions 


The decomposition of urethanes to give isocyanates has been known for 
some time [12] and, with the potential availability of a large variety of ure- 
thanes, particularly by a new patented method [13], the use of this procedure 
should expand. Both treatments with phosphorus pentachloride and thermal 
decompositions have been used for the preparation of isocyanates [14, 15]. 


An interesting new reaction is based on the decomposition of the phos- 
phoramidate anion [16]. 


3-3. Preparation of Cyclohexyl lsocyanate [16] 


ll 
{(CaHy0)sP(O)NCeHis]~ + CO2 ——> {(CaHts0),P(O)NC—O —> 
CoH 
CsHiN=C=O + [(CaHsO0),P(O)O]- (14) 


To a slurry of 4.8 gm (0.1 mole) of 50% sodium hydride in 100 ml of dry 
1,2-dimethoxyethane, maintained at a temperature beiow 30°C, is added 
23.5 gm (0.1 mole) of diethyl N-cyclohexylphosphoramidate. (Prepared from 
diethyl phosphorochloridate and cyclohexylamine.) The mixture is stirred at 
room temperature until it becomes homogeneous and the gas evolution has 
ceased. Then carbon dioxide gas is slowly passed through the homegeneous 
solution at approximately 0°-5°C while maintaining cooling with an ice bath. 
After the absorption of carbon dioxide has ceased, the mixture is heated at 
80°C for half an hour until the formation of a gummy precipitate has ceased. 
Generally, the optimum decomposition temperature of the reaction can be 
judged by the formation of this precipitate. The mixture is then cooled and the 
product solution is separated by decantation, and preserved under anhydrous 
conditions. The precipitate is washed with additional dry 1,2-dimethoxy- 
ethane. The solvent layers are combined, and the solvent is eliminated by 
distillation. The residue is then fractionally distilled, giving 8.7 gm of cyclo- 
hexyl isocyanate, b.p, 170°C, yield 70%. 


C. Exchange Reactions 


By use of exchange reactions the alkyl group of one isocyanate can be con- 
verted to another by the use of an appropriate N,N'-dialkyl ureas [17] 
according to Eq. (15). 


° oO 
noNnn—e_NER + 2R/NCO —> pni—l_nuR’ + 2RNCO ds) 
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Since the selection of substituted ureas may be limited, this reaction is of 
limited application. However, the exchange reaction of isocyanate with an 
isothiocyanate offers some possibilities for wider applicability [18]. This reac- 
tion is based on the observation that isothiocyanates normally have higher 
boiling points than isocyanate. The preparation of #-hexyl isocyanate is an 
example of this reaction. 


3-4. Preparation of n-Hexyl Isocyanate |18] 


N=C=O N=C§ 


CoHisN==C=-S + ee —> CyHygN=C=0 + (16) 
cl 


A mixture of 135 gm (0.94 mole) of #-hexyl isothiocyanate and 460.5 gm 
(G3 moles) of 3-chlorophenyl isocyanate is heated in a flask fitted with a short 
glass-packed fractionation column. While the distillation is maintained at 
total reflux, heating is continued until the head temperature remains constant 
at 161°C while the still pot temperature is maintained in the range of 210°- 
230°C. Then the product is slowly distilled, over a 10 hr period, at a head 
temperature of 163°-164°C to yield 77.5 gm of n-hexyl isocyanate (61%), 
b.p. 164°C. 


D. Rearrangement Reactions 


Other preparations of isocyanates include the use of the Curtius rearrange- 
ment [19-20]. We do not recommend the use of this reaction because of 
potential explosion hazards in connection with azides. Mention is made of 
this method only for reference. 

The Lossen rearrangement of hydroxamic acids has been used for the pre- 
paration of isocyanates but is believed to be of only limited applicability [21]. 


Other rearrangement reactions such as the Hofmann degradation of amides 
and the Schmidt degradation are in the classical literature but are of only 
limited applicability either because of low yields or because of the hazards 
involved in the use of hydrazoic acid. See references [21a—21b]. 


E. Oxidation Reactions 


The oxidation of isocyanides either with ozone [22] or with halogens in the 
presence of dimethyl sulfoxide [23] is currently of only limited applicability 
since the isocyanides are only available in limited quantities, because of the 
difficulties in the preparation and handling of isocyanides. 
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F. Pyrolysis Reactions 


Isocyanates may also be obtained by the pyrolysis of acetoacetyl hydroxa- 
mates at 350°-400°C [23a]. 


RCONHOH + CHs=C-—O0 —» RCONHOCOCH:COCHs 
Hy—-C=0 Heat, 350°-400" C 
RNCO + CHsCOCH; + CO, = (17) 


4. THIOCYANATES 


The sulfur analogs of both cyanates and isocyanates are thermally and 
hydrolytically more stable than the oxygen analogs. Both series of sulfur 
analogs have been known for some time from natural and synthetic sources. 


A. Condensation Reactions 


The preparation of alkyl thiocyanates by reaction of cyanogen chloride 
with a mercaptan according to Eq. (17) has been used. 


R—SH + CICN —— RSCN + HCI (18) 


It is believed that this reaction should be reinvestigated in the light ofi the 
recent preparative procedures for cyanates [4]. 

Perhaps the most widely used preparation of thiocyanates involves the re- 
action of an alkyl halide with either potassium thiocyanate or ammonium 
thiocyanate [24]. The reaction is not confined to simple alkyl halides but has 
also been used for the preparations with dihalides [25], chlorohydrins [26], 
secondary alkyl halides [27], and acyl halides (in the preparation ofi acyl 
thiocyanates) [28]. The preparation of undecyl thiocyanate is a typical ex- 
ample of the procedure. 


41. Preparation of Undecyl Thiocyanate [24] 
CH,(CH;)sCH,Br + KCNS —> CH,(CH,)sCHaSCN + KBr as) 


To 145.5 gm (1.5 moles) of potassium thiocyanate dispersed in 340 ml of 
ethanol heated to reflux, 235 gm (1 mole) of undecyl bromide is added 
gradually. After addition has been completed, refluxing is continued for 2 hr. 
The reaction mixture is then cooled to room temperature, diluted with water, 
and the product extracted with diethyl ether. After drying the ether solution 
with calcium chloride, the ether is evaporated off and the residue fractionally 
distilled under reduced pressure to yield 184 gm (86.57%), b.p. 160°-161°C. 
(10 mm). 
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B. Addition Reactions 


The addition of thiocyanic acid to multiple bonds has recently been des- 
cribed [29]. This reaction evidently must be handled with considerable care 
since the intermediates and final products may be dangerous vesicants and 
since hydrogen cyanide may accidently be evolved. 

The preparation of both cis- and trans-3-thiocyanoacrylamide indicates the 
method of separating the geometric isomers. 


4-2, Preparation of cis- and. trans-3-Thiocyanoacrylamide [29] 


° 
uc=c—t Ne + NH,SCN + H.SO, —> 


ie) 
nes—cu—cu—t_nity + NH«HSO, = (20) 


CAUTION: The intermediates and products may be vesicants, and HCN 
may evolve during the reaction, processing, and during melting point deter- 
minations. 

In a suitable hood at 0°C, a solution of 1.5 gm (0.02 mole) of ammonium 
thiocyanate in 10 ml of 2M sulfuric acid (0.02 moles) is prepared, While 
maintaining a temperature of 0°C, 0.69 gm (0.01 mole) of propiolamide is 
added. After 1 hr at 0°C, the crude product is filtered off and washed with a 
few milliliters of ice water. The precipitate is then moistened, under nitrogen, 
with 15 ml of 2.N sodium hydroxide solution at 0°C, and filtered rapidly. 
The insoluble fraction is the trans isomer; yield 0.21 gm (17%), m.p. (after 
recrystallization from water) 193°-194°C dec. (red melt). 

The cis isomer is isolated from the filtrate by neutralizing with 6 ml of 
chilled 5 N hydrochloric acid. The precipitating cis isomer is filtered off and 
washed, Yield 0.86 gm (71%), m.p. (after crystallization from cold dimethyl 
sulfoxide on dilution with water) 153°-154°C dec. (HCN evolved). 


C. Miscellaneous Reactions 


The reaction of sulfenyl halide (RSX) with formamide, in the presence of 
thionyl chloride, has recently been patented as a method of preparing thio- 
cyanates [30]. 

Another method of preparing thiocyanates involves the photosulfen- 
chlorination of cycloaliphatic. hydrocarbons according to Eqs. (21) and (22) 


[31, 32). 
=1C 
(=) + SCl, om = sci + HCl (21) 
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(s)-sa + KCN =2C, ( s )—SCN + KCI (22) 


Aromatic thiocyanates have been prepared by the reaction of potassium 
thiocyanate or cuprous thiocyanate with diazonium salts [33]. 

In the absence of water and in the presence of easily substituted aromatic 
compounds, such as phenols or aniline derivatives, cupric thiocyanate may 
be used to substitute the thiocyanate group directly on the aromatic nucleus 
group according to Eq. (23) [33]. 


C Vw + 2 Cu(SCN):; ——> rne—{_\ sen + 2 CuSCN 4+ HSCN 


(23) 


Under certain circumstances aromatic thiocyanate may be prepared by the 
reaction scheme (24) for which detailed experimental procedures are given in 
Organic Syntheses [34]. 


Sus 
(\« + Br, + 2NH SCN —~> 
CHs 
cus 
x \-sen +2NH,Br + HSCN (24) 
ch, 


5. ISOTHIOCYANATES 
A. Condensation Reactions 


; Classically, perhaps the most widely used method for the preparation of 
isothiocyanate involves the reaction of amines with carbon disulfide in the 
presence of a base such as ethanolic aqueous ammonia or sodium hydroxide 
to form the appropriate salt of a dithiocarbamate. The conversion of: a di- 
thiocarbamate to an isothiocyanate may be carried out by a variety of re- 
agents such as copper sulfate, ferrous sulfate, zinc sulfate, or lead nitrate, A 
eas thin the use of lead nitrate for the general preparation of: iso- 
thiocyanates has been described [35]. This reaction i i 

tee te Onan, 35]. reaction involves the reactions 
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Ss 
(> NH, + CS, + NH,OH —> Ow) NH,* + H,0 
(25) 


s 
]O rds] sr roa, — 
€ \-nes + NH,NO, + HNO, + PbS (26) 


Instead of ammonia, aqueous sodium hydroxide [36], or strong organic 
bases have been used [37]. 

The dithiocarbamate may be decomposed by the formation of a carbo- 
ethoxy derivative in the so-called Kaluza reaction [37], as illustrated below. 
Generally, the reaction has been carried out for both aliphatic [36] and aro- 
matic isothiocyanates [37], although evidently it cannot be used with aro- 
matic amines containing strong electron-withdrawing groups such as p-cyano 
or p-nitro groups. In this reaction sufficient time has to be allowed for the 
formation of dithiocarbamate (e.g. 15 min for the reaction of N,N-dimethyl- 
aniline to as long as 7 days for the reaction of -naphthylamine). 


5-1. Preparation of p-Chloraphenyl Isothiocyanate [37] 


at \- NH, + CS, + (CaHa)sN —* 
§ 2 
-C mt ((CsHe)sNH]* (27) 
j 9 


s 
VN il Il 
a NH [(CaH,)sNH]* + CI-C—OC,H, —> 


s 


s 0 
ll 
of \-nn ts toon + [(CaHs)sNH]*CI~ (28) 
9 
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In a well-ventilated hood, 12.8 gm (0.1 mole) of p-chloroaniline is dis- 
solved in a minimum amount of benzene and treated with 6.6 ml (0.1 mole) 
of carbon disulfide and 14 ml (0.1 mole) of triethylamine. The solution is then 
cooled to 0°C and the low temperature is maintained for 72 hr until the forma- 
tion of the triethylammonium dithiocarbamate salt has been completed. The 
solution is then filtered, the solid is washed with anhydrous ether and air- 
dried. Yield 83%. 

The salt is then dissolved in approximately 75 ml of chloroform, treated 
with 14 ml (0.1 mole) of triethylamine and cooled again to 0°C. To this solution 
is then added dropwise 10.2 ml (0.1 mole) of ethyl chlorocarbonate over a 
15 min period with hand stirring. The resulting solution is stirred at 0°C for 
10 min and is then allowed to warm to room temperature during a 1 hr period. 
The solution is then washed with 3 Af hydrochloric acid solution, twice with 
water, and is then dried with sodium sulfate. 

The chloroform is then evaporated under reduced pressure and the residual 
p-chlorophenyl isothiocyanate is recrystallized from ethanol. Yield of this 
step is 70% of theory, m.p. 46.5°C. 


A quite general reaction for the preparation of isothiocyanates involves the 
use of thiophosgene. Since this material is a liquid, its handling is somewhat 
simpler than that of phosgene used in the synthesis of isocyanates. Its toxicity 
is believed to be as great as that of phosgene, if not greater. Consequently, due 
precautions must be taken in handling thiophosgene. This reaction is quite 
general in the aromatic series and has been used for the preparation of fluore- 
scein isothiocyanate. It appears to fail in the naphthalene series. A typical 
procedure is the one for the preparation of p-nitrophenyl isothiocyanate [38]. 


5-2. Preparation of p-Nitrophenyl Isothiocyanate |38] 


s 
3 wot \ wn, + ata — 
aes 
no{_\-nes +2 pom] Cl- (30) 


CAUTION: Thiophosgene should be handled with extreme care, care also 
being taken for the disposal of residues. The highly toxic nature of thiophos- 
gene must always be kept in mind. 

A mixture of 20 gm (0.174 mole) of thiophosgene and 72 gm (0.522 mole) 
of p-nitroaniline suspended in 800 ml of dry benzene is refluxed for 1 hr with 
vigorous agitation. The mixture is then cooled and the precipitate of Pp 
nitroaniline hydrochloride is filtered off. The benzene solution is then con- 
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centrated under reduced pressure. When the volume has been reduced to 
approximately 100 ml, a precipitate of 1 gm of additional .p-nitroaniline is 
formed which is filtered off. Upon further reduction of the volume, 20 gm 
(71%) of p-nitrophenyl isothiocyanate is separated, m.p. 112°-115°C. 

Toward the end of the precipitation from the concentrated mother liquor, 
contamination by di-p-nitrophenylthiourea takes place. This thiourea is 
relatively insoluble in cold benzene and therefore p-nitrophenylisothio- 
cyanate can be separated by extraction with benzene, if necessary. 


Isothiocyanates may also be formed from the phosphoramidate anion [16]. 


5-3. Preparation of n-Butyl Isothiocyanate [16} 


[(CaH,0),P(0)NCH,CH,CH,CH,)- > 
{(C:11,0)sP(0)-NCH,CH.CH,CH,]~ 
s—C=s 
+ 
[(CsHs0),P(0)S]- + CHsCHsCH.CH,NCS 
Gh 


To a slurry of 4.8 gm (0.1 mole) of 50% sodium hydride in 100 ml of 1,2- 
dimethoxyethane, 20.9 gm (0.1 mole) of diethyl N-7-butyl phosphoramidate is 
added. The mixture is stirred at room temperature until gas evolution has 
ceased, Then 7.6 gm (0.1 mole) of carbon disulfide is added and the solution 
is refluxed gently for 0.5 hr. The mixture is then stripped of solvent and the 
residue is distilled, giving a liquid distillate, identified as n-butyl isothio- 
cyanate. Yield 8.7 gm (75%), b.p. 167°-170°C. 


B. Decomposition Reactions 


Aryl isothiocyanates may also be prepared by the thermal decomposition 
of monoarylthiourea according to Eq. (32) [39]. 


il 
Ar—NH—C—NH, —""--> Ar-—NCS + NH, G2 
a 
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1, INTRODUCTION 


Syntheses of amines have perhaps received more attention than the pre- 
paration of any other functional group in organic chemistry. Thus, for 
example, Houben-Wey! [1] devotes one volume of over 1000 pages to pro- 
cedures for the preparation of amino compounds. Clearly, a comprehensive 
survey of all of these methods would be beyond the scope of the present work. 
Emphasis is therefore placcd on selecting a relatively small number of pro- 
cesses which have fairly general applicability. Methods used in the prepara- 
tion of heterocyclic nitrogen compounds are, as a rule, not presented. 

It is a common practice to discuss syntheses of primary, secondary, and 
tertiary amines as well as quaternary ammonium salts separately. While there 
is much merit to such an arrangement, particularly from the standpoint of 
teaching organic chemistry, this approach leads to considerable repetition. 
Therefore, the arrangement in this chapter is by reaction type with reference 
to the class of amine which may be prepared by a particular method where 
appropriate. 

The syntheses are presented here under the headings condensation reac- 
tions, reductive methods, and rearrangements. The best known condensation 
reaction for the preparation of amines is the alkylation of ammonia and 
various amines with alkyl halides and dialkyl sulfates (Hofmann alkylation). 
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By this means, primary, secondary, and tertiary amines, as well as quaternary 
ammonium salts can be prepared. Special reactions used for the preparation 
of primary amines free of secondary and tertiary amines are the Delépine 
reaction (alkylation of hexamethylenetetramine followed by hydrolysis), the 
alkylation of phthalimides followed by hydrolysis with aqueous alkali 
(Gabriel condensation) or with hydrazine (Ing-Manske modification), and 
the reaction of organoboranes with either chloramine or hydroxylamine-O- 
sulfonic acid. 

The alcoholysis of nitriles with secondary alcohols or related branched 
olefins readily produces amides which, upon hydrolysis, yield primary amines 
(Ritter reaction). A variety of amines may also be produced by an application 
of the Michaels condensation in which amines are added to olefinic bonds con- 
jugated with carbonyl groups. The condensation of secondary amines with 
formaldehyde and an active hydrogen compound is an application of the 
Mannich reaction to the preparation of tertiary amines. 

The reduction of many nitrogen compounds produces amines, The reduc- 
tion of appropriately substituted amides may be used to prepare primary, 
secondary, or tertiary amines. Nitriles and nitro compounds are reduced to 
primary amines. Particularly the nitro compounds are a useful source for the 
production of both aliphatic and aromatic primary amines with a large 
variety of reducing agents. 

The reductive alkylation of carbonyl compounds with formic acid and 
either amine or ammonium salts or amides of formic acid has been used to 
prepare primary, secondary, or tertiary amines under rather drastic conditions 
(Leuckart reaction). For the preparation of methylated tertiary amines, mild 
conditions have been used in the Eschweiler-Clarke reaction. In this modifica- 
tion of the Leuckart reaction, amines are reductively alkylated with formalin 
and an excess of formic acid. 

Among the rearrangment reactions for the preparation of amines are the 
benzidine rearrangement of 1,2-diarylhydrazines to 4,4’-diamines. The Hof- 
mann rearrangement of amides with hypohalides and the related Schmidt and 
Curtius reactions have also been used to prepare amines. 

Despite the fact that amines are very commonly handled both in the 
laboratory and in industry, considerable care should be exercised. Many 
amines, particularly the aliphatic amines, have pungent odors. Many of them 
are believed to be toxic. Some compounds, such as aniline, are believed to be 
absorbed through the skin, which may give rise. to physiological reactions. 
Two compounds which were considered quite ordinary laboratory reagents 
for many years and were important industrial intermediates, particularly in 
the dye industry, have recently been labeled serious health hazards from the 
point of view of tumor production. These two are 8-naphthylamine (2-amino- 
naphthalene) and benzidine. Handling of these two compounds and their 
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salts is prohibited in Pennsylvania and may similarly be prohibited in other 
states. Interestingly enough, we are not aware of any difficulties resulting from 
the use of «-naphthylamines. This, however, may be merely because the com- 
pound has not been used as extensively as the 8-compound. Unfortunately, the 
discontinued f-naphthylamine is a much more satisfactory dye coupling 
agent with diazonium salts than the a-compounds. 


2. CONDENSATION REACTIONS 


A. Hofmann Alkylation of Ammonia and Amines 


a, TREATMENT OF AMINES WITH HALIDES 


The treatment of ammonia and amines with alkyl halides, dialkyl sulfate, 
or alkyl p-toluenesulfonates we classify as “Hofmann Alkylations” to dis- 
tinguish this fundamental method of preparing amines from other reactions 
which were also discovered by that great organic chemist and which have his 
name associated with them, 

The treatment of ammonia with alkyl halide normally gives rise to a 
mixture of primary, secondary, and tertiary amines, and the quaternary am- 
monium halide salt. The reaction sequence is usually given by Eqs. (1-4). 


RX + NH, ——> RNH2 + HX Ww 
RX + RNH, ——> RaNH + HX Q 
RX + RgNH —~> RsN + HX (6) 

RX + RaN —> RyN+ X- 4) 


Fortunately, from the preparative standpoint, when R is ethyl or a higher 
alkyl group, the boiling points of the various amines are sufficiently far apart 
to permit their separation by fractional distillation. By adjustment of the mole 
ratio, reaction temperatures and times, and other reaction conditions, it is 
frequently possible to control the reaction so that any one of these classes of 
amines becomes the predyminant product. 

By the judicious selection of amines and alkyl halides (or dialkyl sulfates), 
amines with a variety of different alkyl groups may be prepared. Under ordi- 
nary laboratory conditions, aromatic halides do not undergo the reaction 
unless the halogen is sufficiently activated by other substituents. Whereas the 
preparation of aniline from chlorobenzene with ammonia is ordinarily not a 
useful laboratory process, activation of the chlorine by one or more ortho or 
para nitro groups permits the reaction to proceed. Thus, for example, 2,4-di- 
chloro-3-nitropyridine is readily monoaminated to 4-amino-4-chloro-3- 
nitropyridine and a small amount of 2-amino-4-chloro-3-nitropyridine [2]. 
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Under somewhat more forcing conditions, aromatic ortho nitro fluoro 
compounds may be aminated, as indicated in the preparation of 3-amino-4,6- 
difluoro-2-nitroacetanilide and its related 2,4-difluoro-6-nitro-1,5-pheny- 
lenediamine [3]. 


NO, =F 
Ii CH.OH 
CH ,C—NH. F + NH inder pleuune 
120°C 
F 


O02 NH, 


cue ee + ath (5) 


While the normal activity of halides is in the usual order J > Br > Cl, 
chloro compounds are generally inert. However, in the aromatic series, nitro 
groups ortho or para to a chlorine substituent increase the reactivity of the 
chlorine sufficiently to afford an 85%, yield in a reaction according to the 
following equation [4]: 


_NaOCOCH: | 
~GHOoH ~ 
HO NO, 


Because ofi lower volatility and cost, N-methylation is often carried out 
with dimethyl sulfate rather than with methyl iodide, despite the hazardous 
nature of the reagent. 

The use of dimethyl sulfate in N,N-dimethylacetamide as a solvent has also 
been discussed [5]. 

Since alcohols form tosylates quite readily, and such tosylates frequently 
react very much as dimethyl sulfate does in a Hofmann alkylation, a method 
for preparing amines from alcohols is available. The authors believe, how- 
ever, that if the alcohol to be converted has the proper structural features, the 
Ritter reaction (see below) is a more useful approach for preparing primary 
amines (by hydrolysis of the amide formed in the reaction) and some secon- 
dary amines (by reduction of the amides). 

As far as the nitrogen-bearing component of the reaction is concerned, 
liquid ammonia, aqueous ammonia, some aqueous amines, and aliphatic and 
aromatic amines both neat or in one of a host of solvents usually undergo 
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Hofmann alkylations. Since the halides are usually water-insoluble, reactions 
in aqueous media are sometimes difficult although the addition of alcohols or 
anionic surfactants and vigorous agitation is helpful. 

In connection with product work-up, it is sometimes useful to make use of 
the fact that many amine hydrochlorides are soluble in chloroform while 
ammonium chloride is insoluble. 

To prepare a primary amine by alkylation of ammonia, the level of am- 
monia is kept high to reduce the formation of secondary and tertiary amines. 
The preparation of n-butylamine is a typical example of the procedure. 


2-1. Preparation of u-Butylamine |6] 
CHs,CHsCHaCH.Br + NHy ——> CHaCH2CH2CH2NH; + HBr (vi) 


In a 12 liter flask fitted with a stirrer, addition funnel, gas inlet tube, and 
reflux condenser is placed 8 liters of 90% ethanol. The reaction system is 
placed in a hood and ammonia is run in with constant stirring until the flask 
has gained about 300 gm. Then 68.5 gm (0.5 mole) of purified 7-butyl bromide 
is added rapidly. Then, while a slow stream of ammonia is passed through the 
flask, an additional 1438.5 gm (10.5 moles) of n-butyl bromide is added at a 
rate of approximately 17 gm/hr. After the addition has been completed, the 
flask is stirred for an additional 2 days. 

Then the reaction mixture is distilled to remove ethanol, and, after ap- 
proximately 4 liters of ethanol have been distilled off, the flask is cooled and 
the precipitating ammonium bromide is separated. Another 4 liters of 
ethanol is then distilled off and more ammonium bromide is filtered off. About 
1 liter of solution remains in the flask. To this is added 1 liter of water and the 
last traces of ethanol are removed by distillation. If necessary, this step is 
repeated until all of the ethanol has been removed. 

To the cooled residue is added a cold solution of 240 gm (6 moles) of 
sodium hydroxide in 1 liter of water and the mixture is distilled until the lower 
boiling fraction has come over. This distillate is dried over fused potassium 
hydroxide. 

The pot residue is cooled and the remaining amine layer is separated and 
combined with the distillate. 

The dried amine is then fractionally distilled through a glass-helix-packed 
distillation column. The fraction boiling at 76.5°C (742 mm) is collected. 
Yield 191.7 gm (47%, of theory), 2° 1.4008. 


b, REACTION OF TOSYLATES WITH AMINES 


A recent sample of'the preparation of both primary and secondary amines 
using tosylates as alkylating agents is illustrated by the following preparation 
of: N-methyldihydropyran-2-methylamine, 
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2-2. Preparation of N-Methyldihydropyran-2-methylamine |T] 


Chas + ne{ \-so.a _— (ewes en 
(o) 

(8) 

(ewes (am + CH,NH, — Clase @) 


To 34.5 gm (0.30 mole) of dihydropyran-2-methanol dissolved in 200 ml of 
pyridine, is added 75 gm (0.39 mole) of p-toluenesulfonyl chloride. The reac- 
tion mixture is warmed to 50°C for 4 hr. After this time, the mixture is cooled 
to room temperature to produce a white precipitate of pyridinium hydro- 
chloride. This co-product is removed by filtration and the excess pyridine is 
separated by evaporation under reduced pressure. The residual product is 
recrystallized from ethanol. Yield of dihydropyran-2-methy] tosylate is 48 gm 
(59%), m.p. 47°-48°C, 

In a cooled steel pressure bomb is placed 27 gm (0,107 mole) of dihydro- 
pyran-2-methyl tosylate and 14 gm (0.45 mole) of methylamine dissolved in 
200 mi ofiabsolute methanol. The bomb is sealed and heated with shaking to 
125°C for 1 hr. After cooling, the sealed bomb is carefully opened in a hood 
and the reaction mixture is concentrated in a vacuum evaporator. After re- 
moval of the solvent, the semisolid is made basic with 20% solution of sodium 
hydroxide in water and continuously extracted with ether for 48 hr. The ether 
layer is dried with potassium carbonate and reduced in volume to yield a crude 
product. The crude product is purified by distillation under reduced pressure 
to afford 6.3-8.4 gm (30-407, of theory) of N-methyldihydropyran-2- 
methylamine, b.p. 60°C (17 mm). During the distillation, the pot temperature 
should not exceed 150°C to minimize spontaneous decomposition of the crude 
product. 


c. SECONDARY AMINES 


The Hofmann alkylation ofiprimary amines to give secondary amines has 
been widely used, By adjusting the molar ratio to be 1 mole of alkyl halide to 
at least 2 moles of amine, the principal product is a secondary amine. 

Steric factors often enter into the specificity ofi the reaction. Thus, for 
example, the reaction of fert-butylamine with alkyl halides affords the 
secondary amines in good yield. These secondary amines are, presumably, 
of low reactivity toward further alkylation. 

Water may exercise a catalytic effect in some of these alkylation reactions. 
The more reactive alkyl halides such as benzyl chloride and the n-alkyl 
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halides gave rise to a higher yield of amines than less reactive alkyl halides. 
A typical example of secondary amine formation is the preparation of N- 
tert-butylbenzylamine [8]. 


2-3. Preparation of N-tert-Butylbenzylamine [8] 
CH, CHs 


Hyc—¢—NHs 3 C )-cues —* ncénnon(\ (10) 


i 
CH, CHy 


To a reaction flask containing 438 gm (6 moles) of tert-butylamine at reflux 
temperature is added rapidly 380 gm (3 moles) of benzyl chloride. During 
approximately | hr of heating, the solid formed during this period is redis- 
solved. After cooling, the resulting reaction mixture is treated with 750 ml of 
4 N aqueous hydroxide solution. The oily amine layer is separated, dried over 
fused potassium hydroxide, and purified by fractional distillation under re- 
duced pressure to yield 137 gm (84%) of N-tfert-butylbenzylamine, b.p. 91°C 
(12 mm), along with a 4.5% yield of the N-tert-butyldibenzylamine, b.p. 
142°-145°C (3 mm). 


d. TERTIARY AMINES 


A typical example of the preparation of a tertiary amine by alkylation of a 
secondary amine is the preparation of allyldiethylamine given below. This 
preparation is carried out in anhydrous benzene solution, which has much to 
recommend it. The same reference also gives an example of the preparation of 
a tertiary amine by alkylation of an aqueous solution of dimethylamine. How- 
ever, the yields obtained from this reaction are small. 


2-4. Preparation of Allyldiethylamine [9] 
CHy=CH—CH,Br + CH,;CHzNHCH2CH, -——> 
CH sCHa 


N—CH.CH==CHa + HBr (ce)) 
CHsCHa 


In a | liter three-necked flask fitted with a mechanical stirrer, addition 
funnel, reflux condenser, and a thermometer, a solution of 200 gm (2.74 
moles) of diethylamine in 240 ml of anhydrous benzene is treated dropwise 
with 165 gm (1.37 moles) of allyl bromide. The reaction flask is cooled inter- 
mittently during the addition to maintain a temperature, between 45° and 
50°C. After the addition is completed, the reaction mixture is heated to reflux 
in a water bath at 80°C for 2 hr. After cooling, 150 ml of concentrated hydro- 
chloric acid and 100 ml of water are added. The aqueous layer is separated, 
the benzene layer is extracted twice with 50 ml portions of 10°% hydrochloric 
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acid, and the acid extract and aqueous phases are combined. The acidic phase 
is then extracted with 50 ml of benzene. All benzene extracts arc then dis- 
carded. The aqueous solution is cooled and made alkaline by the slow addition 
of a solution of 200 gm of sodium hydroxide in 500 ml of water. The aqueous 
phase is separated from the product layer, the aqueous phase is extracted two 
times with 50 ml portions of ether. The ether extract is combined with the 
amine layer. After drying the combined amine and ether extract with solid 
potassium hydroxide, the organic mixture is fractionally distilled through a 
glass-helix-packed column to yield 90.4 gm (80% of theory), b.p.” 111°C 
(760 mm). 


e. N,N-DIMETHYLALKYLAMINES 


Since the preparation of V,N-dimethylalkylamincs is of some importance, 
a number ofi modifications ofi the usual alkylation procedures are available. 
This is of particular importance, since dimethylamine is a gas and therefore 
somewhat troublesome to handle. One approach is to substitute dimethyl- 
formamide for dimethylamine. However, this procedure has only limited 
value, since, for example, an attempt to prepare N,N-dimethylbenzylamine 
from benzyl chloride and dimethyl formamide afforded a 367, yield of N,N- 
dimethylbenzylamine and a 34% yield of N-methyldibenzylamine [IO]. 
Perhaps further research on development of proper reaction conditions will 
permit development of a suitable procedure using dimethylformamide asa 
source of the dimethylamino group. 


f. N,N-DIMETHYLALKYLAMINES BY THE REDUCTION OF QUATERNARY AM- 
MONIUM SALTS 


While many N,N-dimethylalkylamines are prepared via the so-called 
Eschweiler—Clarke reaction (see below), Cope and co-workers [11] have found 
that good yields are also obtained by exhaustively methylating an amine to 
the quaternary ammonium salts and then reducing the resulting product with 
lithium aluminium hydride as described below. : 


2-5, Preparation of N,N-Dimethyl + )-neomenthylamine [11] 


Na,COs 
— 
CH,OH 


a Q. 
N(CH,),I~ N(CH,). + CH, (12) 


+ 3CH,I 
NH, 


326 13. Amines 


(a) Preparation of N,N-Dimethyl-(+)-neomenthylamine methiodide. A 
mixture of 14.3 gm (0.1 mole) of (+)-neomenthylamine, 25.2 gm (0.3 mole) of 
sodium carbonate, 42.6 gm (0.3 mole) of methyl iodide, and 150 ml of 
methanol are heated under reflux with vigorous stirring for 75 hr. After 24 
and 48 hr additional portions of methyl iodide are added until a total of ap- 
proximately 65 gm (0.45 mole) of methyl iodide has been used. The reaction 
mixture is then evaporated to dryness under reduced pressure using a rotary 
evaporator. The residual solid is extracted three times with 150 ml portions of 
boiling chloroform. The combined extracts are cooled, filtered, and evapo- 
rated to dryness. The residual crude methiodide is recrystallized once from a 
mixture of acetone and pentane. Yield 28.2 gm (90%, of theory). 

(b) Reduction of quaternary ammonium salts. In a three-necked flask fitted 
with an efficient reflux condenser, topped by a drying tube, magnetic stirrer, 
and electric heating mantle, is placed 175 ml of freshly distilled, anhydrous 
tetrahydrofuran. To the solvent is added, with caution, 7.8 gm (0.2 mole) of 
powdered lithium hydride. The mixture is heated under reflux for | hr. Then 
11.7 gm (0.04 mole) of N,N-dimethyl-(+)-neomenthylamine methiodide 
in finely ground form is introduced in a single portion and the mixture is 
heated under reflux with stirring until the evolution of methane has ceased. 
The reaction mixture is then cooled and cautiously hydrolyzed by gradual 
addition of 20 ml of water. To isolate the product, 100 ml of ether is added 
and the mixture is refluxed for 2 hr. After cooling, the solid is separated by 
filtration and the filter cake is washed repeatedly with ether. The filtrate and 
the washings are concentrated by distillation. The residue is washed with five 
50 ml portions of water to remove the tetrahydrofuran and the remaining 
organic material is dissolved in pentane. The pentane solution is extracted 
with two 45 ml portions of 2 N hydrochloric acid and two 25 ml portions of 
water, The aqueous acidic washings are combined and heated with a solution 
of 10 gm of sodium hydroxide in 50 ml of water. The amine is separated by 
layering pentane over the water and the aqueous layer is repeatedly extracted 
with pentane, The combined extracts are dried over magnesium sulfate. After 
removal of the solvent by distillation, the residue is distilled through a semi- 
micro vacuum distillation column. Yield 4.9 gm of N,N-dimethyl-(+)- 
neomenthylamine (75%, of theory), b.p. 75°-76°C (4.5 mm). 


g. Cycic TERTIARY AMINES 


With 1,5-dihaloalkanes or related compounds, primary amines yield cyclic 
tertiary amines [12]. If the distance separating the two halogens is much 
smaller, the two halogen substituents may react separately with two molecules 
of amine to give a,w-diamines. This reaction is particularly facile when 
secondary amines rather than primary amines are used [13]. 
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h. MONOALKYL DERIVATIVES OF DIAMINES 


The preparation of monoalky! derivatives of diamines represents something 
of a synthetic problem. Two methods are discussed here. Method 1! [14] 
(Procedure 2-6) involves acetylation of ethylenediamines under mild condi- 
tions to the monoacety] ethylenediamine, protection of the second amino 
group by a Schotten-Baumann reaction with benzenesulfonyl chloride, 
followed by N-alkylation of the acetamido group and recovery of the N- 
alkyl ethylenediamine by acid hydrolysis. 

Method 2 [15] involves the Hofmann alkylation of a primary amine with 
2-bromoethylamine hydrobromide (Procedure 2-7). 


2-6. Preparation of Monomethylethylenediamine (Method 1) |14| 


fe) 
i 
NHy—CH3CHg~-NHa + CHsC—OC2Hs ——> 


NHy—CHCHNHECH, + C,H,OH (13) 


9 
{| 
NH,—-CH,CH,-~NHC--CH, + € \-s00 MOH 


ih 
(_\--soncitcnnst—cr, + HCl (14) 


? 
€ \--so--nicucrnttt-ct + CHa OH, 


ie} 
rN Il 
js NH_—CH,CH.NC—CH, + KI +H,0. (15) 
——, i 


CH, 


io] 
ll 2HC 
CY -soxni-cryetie-n-€-c% +2H,0 2Ho, 
CH; 
HCI-NH,—CH,CH,—NHCH,- HCI + C \-som + CHsCO,H (16) 
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HCI-NHsCHsCHaNHCHs- HCl + 2 NaOH —> 
NH2CH2CH2NHCHs + 2NaCl+2H20 = (17) 


To 306 gm (3 moles) of monoacetylethylenediamine (for preparation see 
Chapter 11, Amides) dissolved in 306 gm of water are added slowly and simul- 
taneously 530 gm (3 moles) of benzenesulfony! chloride and 1200 gm (3 
moles) of a 10% aqueous solution of sodium hydroxide. After standing for 
several hours, this solution is faintly acidified with mineral acid and the pro- 
duct is separated by filtration. The N-benzenesulfonyl-N’-acetylethylenedi- 
amine is recrystallized from dilute ethanol, enough of the ethanol being used 
to prevent oiling out of the amide. A trace of the dibenzenesulfonylethylenedi- 
amine arising from traces of ethylenediamine present in the starting material 
is separated by filtration of the hot recrystallizing mixture. The pure N- 
benzenesulfonyl-N’-acetylethylenediamine separates on cooling and is col- 
lected by filtration. Yield, 500 gm (30%), m.p. 103°C. 

To a boiling solution of 35 gm (0.53 mole) of 85%, potassium hydroxide 
dissolved in 200 ml of absolute alcohol is added 121 gm (0.5 mole) of N-ben- 
zenesulfonyl-N’-acetylethylenediamine. To this solution is added 142 gm 
(1 mole) of methyl iodide dropwise over a 15 min period. The mixture is 
refluxed for 2 hr after which the precipitated potassium iodide is separated by 
filtration of the cooled reaction mixture. The filtrate is steam-distilled until the 
excess methyl iodide and the ethanol are completely removed. 

The remaining alkylated sulfonamide is refluxed for 12 hr with 500 mi of 
concentrated hydrochloric acid which is replenished from time to time with 
additional amounts of concentrated acid. The hydrolysate is distilled nearly 
to dryness under reduced pressure and, after addition of an excess of sodium 
hydroxide, a concentrated water solution of the amine is distilled over. Dry 
sodium hydroxide is added to the distillate until the amine appears as a Sepa- 
fate phase, which is then drawn off and dried over fresh sodium hydroxide. 
Finally the product may be dried by refluxing over metallic sodium. After 
cooling and filtration, the amine is obtained as a water-white liquid by frac- 
tional distillation of the filtrate under reduced pressure from a fresh piece of 
sodium; b.p. 115°-116°C (157 mm). The yield of monomethylethylenediamine 
is 28 gm (80%, of theory). 


2-7. Preparation of Monoethylethylenediamine (Method 2) {15| 
CgHsNH, + Br—CH2CH2NHa-HBr —-> HBr-C2H;sNHCH,CH2NH2°HBr (18) 
HBr-C,H; NHCH,CH,NHg: HBr + 2 NtQH —> 
C2Hs--NHCH;CH,NH; + 2 NaBr + 2H2O = (19) 
To a solution of 112.5 gm (2.5 moles) ofiethylamine in 340 gm of water is 


added a solution of 102.5 gm (0.5 mole) of 2-bromoethylamine hydrobromide 
in 100 ml of water. The resulting mixture is refluxed gently for 12 hr. The mix- 
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ture is then cooled and treated with solid sodium hydroxide until the base no 
longer dissolves. During this step, two layers form. The upper layer is sepa- 
rated and the lower aqueous layer is extracted several times with ether. Ether 
extract is combined with the upper amine layer. The combined organic 
materials are dried over anhydrous potassium hydroxide and fractionally 
distilled through a short fractionating column packed with glass helices. 
After the ether has been separated, monoethylethylenediamine is separated 
by distillation at 125°-127°C (743 mm). Yield 17.6 gm (40%, of theory). 


In some cases, alkylation of secondary amines may be carried out in liquid 
ammonia in the presence of sodium amide with ferric nitrate monohydrate 
as a catalyst [16]. The following equation, for the preparation of 1-methyl- 
indole, is representative of the process: 


gw 4 NaNHy + CHgt —F&NOWe 980, Cw + Nal 4NHy (20) 
'N’ ‘N 


H | 
CHs 


B. Miscellaneous Condensation Reactions 


Methods for the preparation of primary amines free of secondary and 
tertiary amines have occupied the efforts of organic chemists since the days of 
Hofmann. Several of these have at least a formal resemblance to the Hof- 
mann alkylation and are therefore given here along with other non-reductive 
condensation reactions. 


a, HyDROBORATION 


In a recent publication on hydroboration it has been shown that organo- 
boranes derived from terminal olefins or relatively unhindered olefins are 
readily converted to the corresponding amine by treatment with chloroamine 
or hydroxylamine-O-sulfonic acid [17]. 

Since this earlier work was carried out in tetrahydrofuran, in which 
hydroxylamine-O-sulfonic acid is insoluble, the reaction could not be carried 
out with relatively hindered olefins and consequently it was not possible to 
take advantage of the highly stereospecific nature of this application of the 
hydroboration reaction for all types of olefins. More recent work, however, 
making use ofidiglyme as the solvent, has extended the reaction [18]. A typical 
example of the reaction is the preparation of trans-2-methylcyclohexylamine. 
In Eg. (21) the symbol HB represents the hydroboration reagent. The inter- 
mediate hydroborated product is only sketched in for clarity. 
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2-8. Preparation of trans-2-Methyleyclohexylamine [18] 
ls CHs 


CH, CH; | 
B— _.NHg 2) 
HB _ H,NOSO,H y 


A dry 250 ml flask equipped with a dropping funnel, condenser, and mag- 
netic stirrer, is flushed with nitrogen. A solution of 0.78 gm (20.6 mmoles) of 
sodium borohydride and 20 ml of diglyme is introduced, followed by 4.8 gm 
(50 mmoles) of 1-methyicyclohexene. The flask is immersed in an ice-water bath 
and hydroboration is carried out by the dropwise addition of 3.90 gm (27.5 
mmoles) of boron trifluoride etherate. The solution is then stirred at room 
temperature for 3 hr. Thenasolution of 6.22 gm (55mmoles)of hydroxylamine- 
O-sulfonic acid in 25 ml of diglyme is added, and the solution is heated to 
100°C for 3 hr. The reaction mixture is cooled cautiously treated with 20 ml 
of concentrated hydrochloric acid, and then poured into 200 ml of water. The 
acidic phase is extracted with ether to remove diglyme and the residual 
boronic acid. The aqueous solution is then made strongly alkaline with sodium 
hydroxide and the amine is extracted with ether. The ether extract is dried 
over potassium hydroxide and the dried product solution is fractionally dis- 
tilled. After removal of the ether, 5gm (45% of theory) of trans-2-methylcyclo- 
hexylamine is isolated, b.p. 148°C (750 mm). 

[Reprinted from: M. W. Rathke, N. Inoue, K. R. Varma, and H. C. 
Brown, J. Am. Chem. Soc. 88, 2870 (1966). Copyright 1966 by the American 
Chemical Society. Reprinted by permission of the copyright owners.] 


b. DELePINE REACTION 


The original procedure of Delépine [19] for the preparation of primary 
amines involves the reaction of hexamethylenetetramine in chloroform with 
an alkyl halide to give a quaternary ammonium complex which was hydro- 
lyzed under acidic conditions to give the salt of a primary amine. Under these 
conditions, alkyl iodides react reasonably readily while the chlorides and bro- 
mides react much more slowly and conversion to the iodide was recom- 
mended, A modification involves the solution of hexamethylenetetramine in a 
large volume of 95%, alcohol to which sodium iodide is added. To this solution 
alkyl chloride or bromide could be added. In effect, the alkyl iodide was thus 
formed ia situ [20]. In a more recent modification of the reaction, the complex 
of hexamethylenetetramine and the alkyl halide is decomposed by refiuxing in 
an aqueous ammonia solution in the presence of formalin to form a methy- 
leneimine derivative of the ultimate amine as an intermediate. This imine is 
then hydrolyzed under acidic conditions to form the desired amine hydro- 
chloride [21]. Therefore, a modification of the more classical Delépine reac- 


§ 2. Condensation Reactions 331 


tion is given here [22]. This procedure illustrates the wide applicability of the 
reaction. 


2-9, Preparation of -Alanine |22] 
(CHa). + BrCH,CH,CO,H 2,» 


((CHa)eNo]* [CHsCH2CO,)- —""_, H.NCH.CH,CO.H (22) 
CHO 

A solution of 5 gm (0.032 mole) of £-bromopropionic acid in 15 ml of 
water and 10 ml of ethanol, is neutralized with 2.74 gm (0.34 mole) of sodium 
bicarbonate. Then a solution of 4.57 gm (0.033 mole) of hexamethylenetetra- 
mine in 10 ml of water is added and the solution is maintained at room 
temperature for 15 hr. After 60 ml of ethanol is added to the point of faint 
turbidity, followed by scratching the glass, the betaine complex crystallizes 
from the solution. The crystals are chilled in an ice bath for 2 hr and filtered. 
Yield 9 gm. A second crop of 0.5 gm may be obtained from the mother liquor 
by partial evaporation of the solvent. 

The betaine complex is refluxed with 120 mi of ethanol and 15 ml of con- 
centrated hydrochloric acid for 15 hr. The mixture is evaporated to dryness 
under reduced pressure at 50°C, and the residue is extracted several times with 
ethanol. The filtered extract is evaporated to dryness. To the residue, 75 ml 
of water is added, and the aqueous mixture is refluxed for } hr. To isolate the 
product, the cooled aqueous solution is first treated with an excess of silver 
oxide to remove chloride ions. After filtration, the filtrate is saturated with 
hydrogen sulfide gas (hood). The precipitated silver sulfide is removed by 
centrifugation. The colorless solution is concentrated under reduced pressure 
to a few milliliters and diluted with ethanol to the point of crystallization. 
After chilling and filtering 2.5 gm of f-alanine (857,) is separated, m.p. 199° 
200°C with decomposition. 


c, GABRIEL CONDENSATION 


Another method for the preparation of primary amines involves the 
alkylation of potassium phthalimide according to procedures of Gabriel to 
give N-alkylphthalimides, which, on hydrolysis, afford the primary amine and 
phthalic acid. Since the hydrolysis is sometimes difficult, Ing and Manske [23] 
developed a modification in which the decomposition of the N-alkylphthali- 
mide is carried out in the presence of hydrazine. While the alkylation step has 
been carried out either without solvent or in the presence of nonpolar high- 
boiling solvents, a recent modification [24] suggests the use of dimethyl- 
formamide as the solvent. In this solvent the reaction can often be carried out 
at relatively low temperatures and exhibits a mildly exothermic character. 
For less reactive alkyl halides, the reaction temperature may be varied. 
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For the sake of general applicability, the preparation of «,5-diaminoadipic 
acid using the Ing-Manske modification is given here, although the same ref- 
erence indicates that, at least in this case, the Gabriel condensation and 
hydrolysis affords a higher yield. 


2-10. Preparation of «,5-Diaminoadipie Acid |24] 


i q c 
a N 
CH,OC—CH—CH,CH,—CH—C—OCH, +2 CL NK — 


Br Br 


9 ° 
C0.CH, li 


I 
c. Cc 
NC, oll 7 a 
CL )N—CH—CH,CH.~CHN NHANH 
Cc | \e 


l CH;0CO jj 
Le) oO 


9 o c 
! I ~NH 
a a a a +2 | +2CH,OH (23) 


NH, NH, oN 
fs) 

A mixture of 69 gm (0.21 mole) of dimethyl «,3-dibromoadipate, 87 gm 
(0.47 mole) of potassium phthalimide, and 260 ml of dimethylformamide is 
gently heated. A mildly exothermic reaction starts at 50°C; however, sufficient 
heat is applied to maintain the reaction mixture for 40 min at 90°C. Then the 
reaction mixture is cooled, diluted with 300 ml of-chloroform, and poured into 
1200 ml of water. The chloroform layer is separated and the aqueous phase is 
extracted twice with 100 ml portions of chloroform. The combined chloro- 
form extract is washed with 200 ml of 0.1 sodium hydroxide, and 200 ml of 
water. Then the solution is dried over sodium sulfate. The chloroform is 
removed by concentration under reduced pressure to the point of incipient 
crystallization. The immediate addition of: 300 ml of: ether induces a rapid 
crystallization. The product is collected on a filter and washed with ether, 
Yield 87 gm (90.27,), m.p. over the range 160°-185°C. After three crystal- 
lizations from ethyl acetate and one from benzene, an apparently pure 
stereoisomer is obtainable which melts at 210.7°-211.4°C, 
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In a hood, a mixture of 4.64 gm (0.01 mole) of dimethyl «,5-diphthal- 
amidoadipate (m.p. 160°-185°C), 50 ml of methanol, and 1.2 ml (0.02 mole) 
of an 85% aqueous hydrazine solution is heated under reflux for 1 hr. After 
cooling, 25 ml of water is added and the methanol is removed by concentra- 
tion under reduced pressure. After 25 ml of concentrated hydrochloric acid 
has been added to the residual aqueous suspension, the mixture is heated 
under reflux for 1 hr. After cooling to 0°C, crystalline phthalhydrazide is 
removed by filtration. The filtrate is concentrated under reduced pressure to 
remove hydrochloric acid and the moist residue is dissolved in 50 ml of water. 
A small amount of insoluble matter is removed by filtration and the clear 
filtrate is neutralized with 2N sodium hydroxide. After cooling at 0°C for 
12 hr, 1.4 gm (79.5%) of a,8-diaminoadipic acid is obtained. 

[Reprinted from: J. C. Sheehan and W. A. Bolhofer, J. Am. Chem. Soc. 
72, 2786 (1950). Copyright 1950 by the American Chemical Society. Re- 
printed by permission of the copyright owner.] 


d, Ritrer REACTION 


As is discussed in the chapter on amides, nitriles may be reacted with 
certain types of alcohols or olefins in strongly acidic media to afford an 
alkylated amide. Since amides may be hydrolyzed to yield a free amine (as, 
for example, in Ferris et al. [25]), a facile method for converting olefins and 
alcohols to amines is available, The major drawback to the Ritter reaction is 
the fact that only those alcohols are suitable for the reaction which have 
branched chains on the carbon adjacent to the hydroxyl group. Thus, 
2-propanol is the lowest aliphatic alcohol which undergoes the Ritter reac- 
tion, Whether the fluorinated alcohols will undergo the reaction successfully 
has not yet been determined. Olefins which are to be subjected to the Ritter 
reaction also require branching. The example here cited indicates the sim- 
plicity of the Ritter reaction as a means of preparing amines. 


2-11. Preparation of 1-Methyicyclobutylamine [26| 


pan ea 
CH,CN + CHa—C=CHa oe CH,C—NH—C CHa (24) 
Hy—CHa du,—dus 
° CH, ° CH, 
cu_na—¢—cu, bain cu,b-—ona + cH —L_NM, +H,O (25) 
cn, CH.—CHa 


Ina 500 ml three-necked fiask equipped with a mechanical stirrer, dropping 
funnel, and reflux condenser, immersed in an ice-salt bath, are placed 9.0 gm 
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(0.22 mole) of acetonitrile, 100 ml of glacial acetic acid, and 20 gm of concen- 
trated sulfuric acid. To the cooled solution, 13.6 gm (0.20 mole) of methylene- 
cyclobutane is slowly added with stirring. After the addition has been 
completed, stirring is continued for 1 hr at 20°C. The solution is then cooled, 
diluted with 300 ml ofi water, and sufficient sodium carbonate is added to 
render the solution basic. The aqueous phase is then extracted with five 50 ml 
portions of ether. The etheral solution is dried, filtered, and evaporated to give 
17.7. gm (70% of theory) of white crystalline N-(1-methylcyclobutyl)aceta- 
mide. 

To 400 ml of a 4N solution of potassium hydroxide in ethylene glycol is 
added 10.0 gm (0.076 mole) of N-(1-methylcyclobutanol)acetamide. The reac- 
tion mixture is heated to reflux for 48 hr. After this reaction period, the 
materials boiling below 180°C at atmospheric pressure are distilled off. This 
distillate is extracted continuously with ether. The ether extract is dried over 
potassium hydroxide. After removal of the ether, the residue is distilled to 
afford 3.1 gm (46% of theory) of 1-methylcyclobutylamine, b.p. 85.5°- 
86.0°C (464 mm). 


e. ADDITION OF AMINEs TO DousLE Bonps 


Activated olefinic bonds such as the double bond in acrylic acid derivatives 
readily react with amines to yield saturated products. In our own experience, 
for example, actylyl chloride treated with amines affords substantial amounts 
ofialkylaminopropionic acid derivatives, formed by the addition of the amine 
to the double bond. 

The reaction itself is believed to be an example of the Michael condensa- 
tion. A typical example is the preparation ofiethyl 8-methylaminopropionate 
[27]. 


2-12, Preparation of Ethyl @-Methylaminopropionate |27| 

ie) oO 
| Il 
CHy=CH— CaHs + CH;3NH, —>» CH;NHCH2CH,C—OC,Hs (26) 


Ina hood, to a cooled solution of 34.1 gm (0.1 mole) of methylamine in ap- 
proximately 185 ml of absolute ethanol is added with stirring and cooling 
100 gm (1.0 mole) of ethyl acrylate. The solution is allowed to stand at room 
temperature for 2 days. The product is then isolated by fractional distillation. 
After the ethanol has been removed from the solution, the crude product is 
collected at 61°~72°C (17 mm), yield 63.5 gm (48.57). By repeated fractional 
distillations, a product is obtained with b.p. 68°-68.4°C (18 mm). 


By a similar procedure, amines may even be added to acetylenic carboxylic 
acids or their derivatives. Thus, for example, addition of dimethylamine to 
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dimethyl acetylenedicarboxylates give rise to high yields of: dimethyl di- 
methylaminomaleate [28]. 


f, THE MANNICH REACTION 


The replacement of a reactive hydrogen with a methylamino or a substi- 
tuted methylamino group is referred to as a Mannich reaction. The usual 
reaction conditions involve condensation of the reactive hydrogen compound 
with formaldehyde and with a nitrogen compound such as ammonia, a pri- 
mary, ora secondary amine (usually as the hydrochloride salt) [29]. The overall 
reaction may be represented by the following equation: 


fo) 
| 
R NH + Hf d H + RH —> R—N—CH,—R’ + 1,0 (e)) 
R 


where R’H represents the active hydrogen compound, usually a ketone, an 
acid, an ester, a phenol, or other reactive methylene compound such as 
nitroalkanes [30] or monosubstituted acetylenic compounds [31]. Even 
orthophosphorous acid may be used as the active hydrogen component [32]. 
In this case nitrogen-containing phosphonic acids are produced. 

The amine component appears to be virtually unlimited in the aliphatic 
amine series although secondary amines are probably used most frequently. 
Instead of free ammonia, however, salts are used, particularly ammonium 
acetate. Equation (28) is an illustration of the reaction using ammonium 
acetate and a nitro compound [33]. ~ 


ie] 
0 cut_o 
culo_nn, +2CH,0 +2 CH—NO, —> 
CHsC—O 
§ 
CO,CHs CO.CHa 
o.N—G_CH,-NHCH.— —-NO, (28) 
aCHs 0.CHs 


Aromatic amines evidently do not successfully undergo the Mannich re- 
actions. However, many tertiary Mannich bases prepared from simpler 
aliphatic compounds undergo exchange reactions with both primary and 
secondary aromatic amines [34]. These exchange reactions are evidently widely 
applicable and thus extend the range of products which can be prepared. A 
general reaction scheme representing this reaction is given in Eqs. (29) and 


(30). 
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Cyben +CH,O + ai — Cyt enn (29) 
° R 9 i 
t a 
t_cH,cu.y + ArNHR’ -H (Veen + R,NH 
R Ar 


(30) 


The preparation of 6-benzyloxy-5-methoxygramine is a recent example of 
the Mannich reaction [Eq. (31)]. 


2-13. Preparation of 6-Benzyloxy-5-methoxygramine [35] 


° 
CHa ll 
( Su || + HCH + (CH,)zNH —> 
F 
Ni 
is 
CH, 


HAN 
4,0 cu, 8 
Ni 


To a stirred mixture of 40 ml of dioxane, 40 ml of glacial acetic acid, 30 ml 
of 36% aqueous formaldehyde (350 mmoles), and 7.0 ml of 257% aqueous 
dimethylamine (390 mmoles) cooled to 5°C ina large flask is added dropwise a 
solution of 8.1 gm (32 mmoles) of 6-benzyloxy-5-methoxyindole in 70 ml of 
dioxane, with vigorous stirring. After the addition has been completed, the 
reaction solution is kept at 5°C for 2 hr and allowed to warm to room temper- 
ature. After standing overnight at room temperature in the dark, the mixture 
is diluted with 400 ml of water, treated with charcoal, filtered, and made 
alkaline with a 20% aqueous solution of sodium hydroxide. The reaction 
mixture is again allowed to stand overnight, whereupon 8.5 gm (79%, of 
theory) of a needlelike crystalline product is obtained, m.p. 131°-134°C. 


Upon recrystallization from toluene and hexane, the melting point is raised to 
135°-136°C. 


3. REDUCTION REACTIONS 


Amines have been prepared by the reduction of a variety of nitrogen com- 
pounds with many reducing agents. Among the compounds reduced are 
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azides [36]; azincs and hydrazo compounds [37]; azo compounds [38]; 
azomethines or Sehiff’s bases [39]; azomethinium salts (Kénig’s salts) [40]; 
enamines [41]; nitro and nitroso compounds [42]; and oximes [43]. Hydra- 
zides also have been reduced with lithium aluminum hydride using ethylmor- 
pholine as a solvent [44]. 

Below are discussed the reductions of some of the more common nitrogen 
compounds. 


A. Reduction of Amides 


Primary, secondary, and tertiary amines are readily prepared by the reduc- 
tion of the corresponding amides. Obviously, this method will always result 
in a product in which one carbon attached to the nitrogen cannot be branched 
since it originated as a carbonyl carbon. The method is quite generally ap- 
plicable. Thus, for example, methylamines have been prepared by the reduc- 
tion of substituted formamides [45], and other amines can be prepared by the 
judicious selection of acyl and amino residues of the amides. 

The basic method of reduction of amides described here is a modification 
of the reduction of acids and their derivatives using lithium aluminum 
hydride [46]. It was found in our own laboratory that while the reduction of 
fluorine-containing amides with lithium aluminum hydride is quite exother- 
mic, the reaction, in actual fact, was far from complete when the reaction 
mixture was worked up shortly after completion of the exothermic phase of 
the reaction, On the other hand, when the reaction mixture was maintained at 
room temperature for several days, yields improved considerably. The 
authors have not checked this phenomenon for non-fluorine-containing 
amides, however, we suggest that a prolonged room temperature reaction 
period be tried in the preparation of other amines where yields are normally 
low. 


3-1. Preparation of N-Ethyl-1,1-dihydroheptafluorobutylamine. [47] 


ll LiAL 
CF,CF.CF,C—NH—GH; + [H] uae CF,CF,CF:CH,NHC,H, + H:,O (32) 


CAUTION: During one of several preparations of this compound, a minor 
explosion occurred while stirring the reaction mixture, A more serious explo- 
sion took place when a related compound was reduced with lithium alumi- 
num hydride [48]. Although these were the only two explosions encountered 
in many related reductions, the reaction should be carried out behind an 
adequate barricade. In the directions given, the ether content is higher than 
previously published to assist in dissolution of the reducing agent. 
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In a hood, behind a heavy safety shield, in a 5 liter three-necked flask equip- 
ped with additional funnel, gas inlet tube, explosion-proof mechanical stirrer, 
and a long reflux condenser connected to a drying tube, is placed 76 gm (2.0 
moles) of finely powdered lithium aluminum hydride dissolved in 2 liters of 
anhydrous ether under a dry nitrogen atmosphere. The hydride solution is 
cooled in an ice-water bath and a solution of 241 gm (1.0 mole) of N-ethyl- 
2,2,3,3,4,4,4-heptafluorobutyramide in 500 ml of anhydrous ether is added 
gradually with stirring, at such a rate that the ether refluxes gently. After the 
addition has been completed, the reaction mixture is allowed to warm to room 
temperature with stirring. After it has reached room temperature, the reaction 
mixture is allowed to remain at room temperature for 5 days without addi- 
tional stirring. At the end of this time, 200 ml of anhydrous ethyl acetate are 
cautiously added to the reaction mixture to decompose the excess lithium 
aluminum hydride, Then 1 liter ofi water is added. The ether layer is sepa- 
rated, the aqueous layer and solid sludges are extracted several times with 
ether, and the ether extracts are combined and subjected to distillation. After 
removal of the ether, the fraction boiling between 96° and 99°C is collected. 
Yield 204.3 gm (93%, of theory). 

Upon refractionating, N-ethyl-1,1-dihydroheptafluorobutylamine was 
found to have a boiling point of 98.5°C (751 mm). 

Unreduced amide starting material could, at times, be isolated from the dis- 
tillation residues. 

A recent paper indicates that the decomposition of lithium aluminum 
hydride with ethyl acetate may lead to some N-alkylation of products [49]. 


B. Reduction of Nitriles 


Nitriles have been reduced both with hydrogen and various catalysts [50] 
and by chemical means. Among the chemical reducing agents, sodium and 
alcohol has been used [26]. Deuterated amines have been produced from 
nitriles by reduction with lithium aluminum deuteride [51] The preparation 
of cyclopropylmethylamine with lithium aluminum hyaride is a related 
example of this reduction [52]. 


3-2. Preparation of Cyclopropylmethylamine [52] 


[es + [Hy Als, [>-cuan, (33) 


Using precautions indicated for the reduction of amides with lithium alu- 
minum hydride, to a slurry of 52.5 gm (1.4 moles) of lithium aluminum hy- 
dride in 1 liter of tetrahydrofuran is added 93.3 gm (1.4 moles) of cyclopropyl 
cyanide at such a rate as to cause moderate refluxing. The mixture is stirred 
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vigorously for 54 hr and left overnight. Then the reaction mixture is worked up 
by the addition of an excess of an aqueous sodium hydroxide solution, the 
mixture is filtered, and the filter cake is washed well with tetrahydrofuran. 
Distillation of the filtrates and washings at atmospheric pressure afforded 
78.4 gm (79%) of cyclopropylmethylamine, b.p. 84°-86°C (760 mm). 


C. Reduction of Nitro Compounds 


Particularly in the aromatic series, many amines have been prepared by the 
reduction of the corresponding nitro compounds. With the advances in the 
preparation of aliphatic nitro compounds, the techniques for reducing ali- 
phatic nitro compounds have also been developed to afford aliphatic amines. 
In the aliphatic series, the techniques permit the preparation of a very large 
variety of amines since aliphatic nitro compounds are active methylene com- 
pounds which undergo typical reactions of active methylene groups, such as 
the various condensation reactions, giving rise to a variety of branched com- 
pounds involving the carbon adjacent to the nitro group. 

A large number of reducing agents has been used for the reduction of 
nitro groups. For example, stannous chloride has been used to reduce nitro- 
sulfones [53] as well as aromatic nitro compounds [54]. Both nitroso and 
nitro compounds have been reduced with sodium borohydride in the presence 
of palladium on carbon [55]. Many examples of the reduction of nitro groups 
with hydrogen on palladium on carbon exist. In this reduction, it has been 
shown that the nitro groups react in preference to the acetamide group [56]. 


“Ine classical Bechamp method of reducing nitro compounds involves 
reaction with iron and acetic acid [57]. 


a. REDUCTION WITH ACTIVATED IRON AND WATER 


Both from the laboratory and the industrial standpoints reduction of aro- 
matic nitro compounds with iron or iron compounds is of considerable 
importance. By use of a previously “activated” iron, many nitro aromatic 
compounds have been successfully reduced under very mild conditions (from 
the point of view of possible hydrolysis of substituents which may be present 
on the ring). For the sake of simplicity, the example cited here involves 
simply the reduction of 2-chloronitrobenzene [58]. 


3-3. Preparation of 2-Chloroaniline [58] 


NO, NH, 
a A ad 
Fe 
& OY oD 
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(a) Activation of iron. In a hood in an open beaker cooled by an ice-water 
bath, 56 gm (1.0 mole) of granulated iron (40 mesh, i.e., approximate dia- 
meter of 0.64 mm) is rapidly stirred. To the metal, 10 ml of concentrated 
hydrochloric acid is added very slowly at such a rate that excessive heat is not 
generated in the course of the ensuing reaction. Stirring is at such a rate that 
the formation of lumps is prevented. After addition has been completed, the 
iron powder is allowed to dry thoroughly. 

(b) Reduction, In a three-necked flask provided with a reflux condenser and 
an efficient stirrer, 5 gm (0,032 mole) of 2-chloronitrobenzene is dissolved in 
200 ml of benzene. The third neck of the flask is closed and the benzene solu- 
tion is heated almost to boiling on a steam bath. Then the iron produced as 
described in step (a) is introduced while maintaining vigorous stirring. In the 
subsequent steps, vigorous stirring and refluxing are maintained, After § hr, 1 
ml of water is added to the reaction mixture. Thereafter, small quantities of 
water are introduced from time to time at such a rate that at the end of 7 hr 
20 ml of water have been added. Refluxing is continued for an additional 
hour. The hot solution is then filtered, the residual iron is extracted three 
times with hot benzene, and the benzene extracts are combined with the 
filtered product solution. Crude amines may be obtained by distilling the 
benzene from the product followed by vacuum distillation or crystallization 
of the amine. 

Alternatively the benzene solution is cooled and gaseous hydrogen chloride 
is passed into the solution to precipitate the amine as the insoluble hydro- 
chloride salt. The salt may then be collected on a filter and, recrystallized 
from alcohol if necessary and the hydrochloride salt may then be placed in a 
flask set up for distillation; concentrated sodium hydroxide solution is then 
added and the product is isolated by steam distillation. In this particular 
preparation, the product was isolated as the hydrochloride salt, yield 3.7 to 
4.8 gm (71-92%). 


b, REDUCTION wITH IRON AND Ferrous SULFATE 


While aliphatic nitro compounds have been reduced with iron and acid, 
sometimes with indifferent results, a more convenient method of reduction 
makes use of iron powder and ferrous sulfate as the reducing agent. 


3-4. Preparation of 2-Amino-2-methyl-1-propanol {59} 
CHs CHs 
Ho—cH,—¢ —CHs Raikboaaly HO—CH,-¢--CH, 5) 
hos hu 


In a three-necked 3 liter flask fitted with a condenser, a sealed stirrer, a 
dropping funnel, and a thermometer reaching into the liquid, is placed a 
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mixture of 280 gm (1 mole) of ferrous sulfate heptahydrate, 200 gm of iron 
powder (¢.g., Belmont Brand No. 50 supplied by Belmont Smelting and 
Refining Works, Inc., Brooklyn, New York), 500 ml of water, and 10 gm of 
concentrated sulfuric acid. The mixture is heated to reflux and a solution of 
238 gm (2 moles) of 2-methyl-2-nitro-1-propanol in 240 gm of water is added 
with vigorous agitation at a rate of 120 gm of solution per hour. Heating and 
stirring is continued for 1 hr after the nitrohydroxy compound has been 
added. After the reaction mixture has cooled to room temperature, 100 gm of 
calcium hydroxide is added and the mixture is stirred for | hr. The mixture is 
filtered and the solid is washed with four 50 ml portions of water. Five grams 
of barium hydroxide is added to the combined filtrate and the mixture is 
stirred for 30 min. This treatment converts dissolved calcium sulfate into in- 
soluble barium sulfate. The mixture is filtered and sufficient ammonium car- 
bonate is added to precipitate the residual calcium and barium compounds 
completely. The mixture is again filtered. The filtrate is then distilled through 
a glass-helix-packed distillation column at atmospheric pressure until all the 
water has been removed. The residue is then distilled under reduced pressure 
to afford 80 gm (90%) of product b.p. 45°C (10 mm), m.p. 30°-31°C. 


c, CATALYZED REDUCTION WITH HYDRAZINE HYDRATE 


Alcohol solutions of nitro compounds are readily reduced by hydrazine 
hydrate in the presence of a hydrogenation catalyst such as Raney nickel, 
palladium on charcoal, platinum, iron, or copper powder. The latter two 
metals are less satisfactory as catalysts [60]. In this reaction, the concentration 
of hydrazine appears to be critical. If the reaction is carried out in a large 
volume ofi alcohol, in effect, the concentration of hydrazine hydrate is low. 
Under these conditions, the sole product is an amine. If, however, the 
hydrazine hydrate concentration is increased, good yields of intermediate 
products such as hydrazo or azo compounds may be isolated. Furthermore, 
nitrosobenzene can be reduced to aniline in alcoholic solution with hydrazine 
hydrate without the necessity ofiany catalyst. While ethanol has been used in 
this reaction [60], other alcohols, such as ethylene glycol, may be used as 
indicated in the preparation of di(2-amino-4-chlorophenyl) sulfone [61]. 


3-5. Preparation of Di(2-amino-4-chioraphenyl) Salfone \61) 


cr O,N NO, H,N NH, 


as 


In a hood, a solution of 3.8 gm (10 mmoles) of di(2-nitro-4-chlorophenyl) 
sulfone in 150 ml of ethylene glycol is stirred on a water bath which maintains 
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the reaction mixture below 35°C. To this solution, 1.5 ml of 95%, hydrazine 
and a small quantity of Raney nickel is added. The reaction mixture is stirred 
for 24 hr while maintaining the temperature below 35°C. The reaction mix- 
ture is then poured into water. The precipitated product and Raney nickel are 
removed by filtration, and recrystallized from 95%, ethanol. Yield of di(2- 
amino-4-chloropheny!) sulfone is 3.07 gm (97%), m.p. 165°C. 


d, REDUCTION WITH TIN AND HYDROCHLORIC ACID 


The preparation of aniline from nitrobenzene by the tin and hydrochloric 
reduction is a standard laboratory exercise. A typical procedure is that of 
Adams and Johnson [62], adapted to the more convenient equipment of the 
research laboratory. 


3-6. Preparation of Aniline [62] 


NO. NH,: HCI 
Cyr 2 _SwHCL, Ga : + SnCly G7) 
NH,- HCI NH, 
+ NaOH -~— + NaCl + H,O (38) 


NOTE: Since aniline is reputed to be absorbed through the skin, care in 
handling of the product as well as the intermediate reaction mixtures must be 
exercised. The use of plastic gloves, goggles, rubber aprons, etc., is strongly 
recommended. 


Ina 1 liter three-necked flask fitted with a sealed, explosion-proof mechani- 
cal stirrer having a Teflon blade, an efficient reflux condenser, and an addition 
funnel, is placed 25 gm (0.2 mole) of nitrobenzene and 45 gm (0.38 mole) of 
granulated tin. The reaction mixture is stirred vigorously and in small portions 
(not exceeding 10 ml each) at the beginning, 120 gm (100 ml) of concentrated 
hydrochloric acid is added. The reaction mixture becomes warm and the 
reaction is controlled by alternately raising a steam bath or a water bath 
around the flask to maintain gentle evolution of gases. When the initial 
reaction moderates, further hydrochloric acid may be added in 15 ml portions. 
The addition is continued with careful control of the evolution of gas. If 
cooling is excessive, the reaction may be slowed down too much and sudden 
violent reactions may take place when additional hydrochloric acid is added. 
After all of the acid has been added, the reaction mixture is warmed on a 
steam bath for 30 min. During the course of the reaction, the double salt of 
aniline and stannous or stannic chloride occasionally precipitates, particu- 
larly during the cooling phases. 
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At the end of the heating period, no odor of nitrobenzene should be detect- 
able and a few drops of the reaction mixture should form a perfectly clear 
solution when poured into water. If some residual nitrobenzene is found, 
additional tin and hydrochloric acid may be added. 

The reaction mixture is cooled to room temperature, the reflux condenser 
is set down for distillation, the flask is cooled in an ice bath, and a solution of 
100 ml of water is slowly added. When the reaction mixture is strongly alka- 
line, the aniline separates as an oil. The addition funnel is then replaced by a 
steam inlet tube, and the reaction mixture is steam-distilled. The distillate is 
saturated with sodium chloride and the aniline layer is separated. If desired, 
the aqueous layer may be extracted several times with ether and the ether 
extracts combined with the aniline. The solution of ether and aniline is dried 
over anhydrous potassium hydroxide for at least 12 hr. The product solution 
is then decanted from the drying agent, ether is distilled off on a steam bath, 
and the residue is finally distilled at atmospheric pressure, preferably under a 
nitrogen atmosphere. Yield 16-18 gm (85-957), b.p. 180°-185°C. 


e, REDUCTION wiTtH SopIUM HyDROSULFITE 


Aromatic nitro compounds which, because of the presence of other func- 
tional groups are water-soluble, may be reduced conveniently with sodium 
hydrosulfite. Use of this reagent frequently leads to clean-cut preparations of 
amino compounds without the complications arising from the formation of 
the double salts often associated with acid and metal reductions. 

In the directions as given here, exact yield data for the conversion of 
Martius Yellow to 2,4-diamino-l-naphthol are not furnished since use is 
made of moist intermediate products. The dry free base is readily oxidized; 
it is therefore converted to its salt as rapidly as possible and used as its salt 
solution in subsequent reactions. 


3-7, Preparation of 2,4-Diamino-1-naphthol Dihydrochloride |63}) 


o “NH? 
i 
NO, 
+ 6 Na,S,0, + 8H,O ——> 
NO, OH 


i 
NH 
CO + 11 NaHSO, + Na(NH,)SO, (39) 


NH, 


344 13. Amines 


oH OH 
NH, -NH,-HCl 
+ 2HC] — (40) 
| 
NHg NH,-HCI 


Approximately 7.4 gm of the moist ammonium salt of 2,4-dinitro-1- 
naphthol [63] is dissolved in 200 ml of water. To this solution is added 40 gm 
of sodium hydrosulfite. The solution is stirred until the original orange color 
disappears and a crystalline tan precipitate is formed (5-10 min). The reaction 
mixture is then cooled in ice. While the reaction mixture cools, a solution of 
2 gm of sodium hydrosulfite in 100 ml of water is prepared in one beaker. 
In another beaker a solution of 6 ml of concentrated hydrochloric acid in 
25 ml of water is prepared. The precipitate is collected by suction filtration 
using the sodium hydrosulfite solution for rinsing and washing, avoiding even 
briefly sucking air through the filter cake after the reducing agent has been 
drained away. The solid is then rapidly washed into the beaker containing the 
dilute hydrochloric acid, and stirred to convert all of the diamine to the 
dihydrochloride. The acid solution is clarified by filtration through a moist 
filter bed of decolorizing charcoal. The resulting aqueous solution may then 
be used to carry out further reactions in the Martius Yellow experiment. 


f, REDUCTION WITH SopIUM SULFIDE AND RELATED COMPOUNDS 


To produce amino compounds by reduction of nitro compounds, acid 
conditions are normally used, Under alkaline conditions only a few reductions 
have been carried out. 

Polyaminostyrenes have been produced by the reduction of polynitrosty- 
rene with an aqueous solution of sodium disulfide in an autoclave at 150°C 
[65]. 

Aminofluorescein has been produced by reduction of nitrofluorescein with 
sodium sulfides [66]. 

Most recently it has been reported that a mixture of sodium hydroxide 
and sulfur in acetone-methanol solution may be used to reduce aromatic 
nitro compounds [64]. It is stated that alcoholic or aqueous media will not 
bring about reduction, but that mixtures of acetone and methanol are essen- 
tial. A typical example is the preparation of 2-ethylaniline, 


3-8. Preparation of 2-Ethylaniline (2-Aminoethylbenzene) [64] 

In a round-bottomed flask, a mixture of 3 gm of sodium hydroxide, 1.5 gm 
of sulfur, 10 ml of acetone, 10 ml of methanol, and 3.75 gm (24.8 mmoles) of 
2-ethylnitrobenzene is heated on a water bath for 14 hr. After that period, the 
solvent is distilled off and the amine is separated by steam distillation. The 
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No, NH, 


“a —CaHs NaOH/S CoHs (41) 
we Acetone-methanol 


steam distillate is saturated with salt, the amine layer is separated, and the 
aqueous solution is extracted with benzene. The benzene solution and the 
amine are combined, dried over potassium hydroxide, and then subjected to 
fractional distillation in a small still. The yield of 2-ethylaniline is 2.0 gm 
(69%), b.p. 215°-216°C. 


D. The Leuckart Reaction 


a. CLASSICAL LEUCKART REACTION 


The reaction of formic acid or a variety of formic acid derivatives such as 
formate salts and formamides, with ammonia or a variety of amines, as well 
as various amine derivatives and salts such as ammonium formate salts, and 
carbonyl compounds, results in the reductive alkylation of the amine in which 
the entering alkyl group is derived from the carbonyl compound. This reac- 
tion is known as the Leuckart reaction [67]. By proper selection of reagents, 
primary, secondary, and tertiary amines may be prepared. In general this 
reaction is carried out at elevated temperatures without further solvents. 
More recent work indicates that magnesium chloride and ammonium sulfate 
are particularly useful catalysts in the preparation of tertiary amines by the 
Leuckart reaction [68]. 

This method appears to be suitable for the preparation of a wide variety of 
tertiary amines including those derived from a,f-unsaturated carbonyl 
compounds [68]. 

3-9. Preparation of 1-(Methyl-3-phenylprapyl)piperidine [68] 
Ak 
HCO,H 


9 
} HC CH. 

\\_cu,cH,d—cn, + 1 * HCO, 

= Hy Ayo MgCl, 6H3 


C\-cn--ci-crcr (42) 


N. 
H,C~ pik 


| 
O=C--H 


| 


HC H, 
Ne a 


346 13, Amines 


In a three-necked flask equipped with a mechanical stirrer, thermometer, 
and a condenser set downward for distillation, is mixed 19.25 gm (0.13 mole) 
of 4-phenyl-2-butanone, 58.8 gm (0.52 mole) of formpiperidide, 4.47 gm 
(0.022 mole) of magnesium chloride hexahydrate, and 7.03 gm (0.13 mole) of 
85% formic acid. The mixture is heated gradually and volatile constituents 
are removed until the pot temperature approximates the boiling point of the 
formpiperidide. A reflux condenser is then installed in place of the distillation 
condenser and the mixture is refluxed with stirring for 8 hr. Then the reaction 
mixture is poured into dilute hydrochloric acid. Unreacted ketone is removed 
by steam distillation, The ketone-free aqueous residue is then made strongly 
basic and the amine is distilled out with steam. The steam distillate is satu- 
rated with sodium chloride and extracted with ether. The ether extract, after 
drying over solid potassium hydroxide, is distilled to remove the solvent. The 
residual amine is then fractionally distilled at 176°-177°C at 25 mm. Yield 
15.3 gm (57%). 


b. EscHWEILER-CLARKE MODIFICATION 


A modification of the Leuckart reaction for the preparation of methylated 
amines, which requires less drastic reaction conditions, known as the Esch- 
weiler-Clarke reaction, involves the use of aqueous formaldehyde and an 
excess of formic acid as reducing agent, along with the appropriate amine. 
Usually the reaction conditions are such that only the methylated tertiary 
amine can be isolated [11]. A recent example of this reaction is the prepara- 
tion of 1-methyl-2-(p-tolyl)piperidine [69]. 


3-10, Preparation of |-Methyl-2-(p-toly!)piperidine \69| 


CHa CHa 
ie oo ; Ha au 
Hc Neue, CH, + CHO -HESH, ne Vn Hs 
— NH — ’ 
| 
CHy (43) 


A mixture of 17.5 gm (0.1 mole) of 2-(p-tolyl)piperidine, 30 gm (0.59 mole) 
of 907, formic acid, and 25 gm (0.24 mole) of 35%, formaldehyde is heated 
under reflux for 12 hr on a steam bath. The reaction mixture is cooled and 
15 ml of concentrated hydrochloric acid is added. Heating under reflux is then 
continued for another 5 hr. Then the reaction mixture is cooled, made strongly 
basic with sodium hydroxide solution, and extracted with benzene. The ben- 
zene extract is dried over anhydrous sodium or potassium hydroxide, The 
benzene solution is then distilled. After removal of the solvent, the product 
distills at 117°-118°C (6 mm). Yield 17.8 gm (94%). 
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As stated before, the normal product from an Eschweiler-Clarke reaction is 
the tertiary amine. It has been observed that fert-butylamine subjected to the 
reaction will afford significant amounts of secondary amine, tert-butyl- 
methylamine. By application of methods of experimental design, optimum 
conditions were found for the preparation of this secondary amine [70]. 
Table 1 shows the mole ratios found to be optimum for the preparation of 


TABLE 1 


REACTION CONDITIONS FOR THE ESCHWEILER-CLARKE REACTION 
To Optimize SECONDARY OR TERTIARY AMINE PRODUCTION? 


Major product Mole ratio Mole ratio Reaction Reaction Yield 
formic acid formaldehyde temperature time (%) 
to starting _to starting CC) (hr) 

amine amine 
tert-Butyldimethylamine 4:1 25:1 90-100 2 95 
tert-Butylmethylamine 3:1 1.25:1 50 6 60° 


© Meiners er al. [70]. 
> Based on fert-butylamine consumed. Conversion was only 46%. 


tert-butyldimethylamine and tert-butylmonomethylamine. We particularly 
recommend the paper ofi Meiners et a/. [70] to the reader, since it is one of the 
few applications ofistatistical design of experiments to a problem in organic 
synthesis, a procedure which should find much more extensive application in 
the laboratory as well as in industry. 


4, REARRANGEMENT AND RELATED REACTIONS 


A. Benzidine Rearrangement 


The rearrangement of aromatic hydrazo compounds (1,2-diarylhydra- 
zines) with no substitution in the 4,4’-positions to the benzidines (i.e., 4,4’- 
diamines) is readily accomplished. In this connection it must be pointed out 
again that benzidine itselfi is considered to have hazardous physiological 
properties and, to the best ofiour knowledge, is no longer being produced in 
the United States. Whether other benzidines have similar properties is not 
known. 

We, however, suggest that extreme caution be exercised in the handling of 
the benzidine derivatives themselves as well as the intermediate reaction 
mixtures. Since the reaction is usually carried out by shaking a stoppered 
flask containing an ether solution by hand, the hazard of breaking the flask, 
or of product solutions oozing out around the stopper is great. 
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If one or both of the 4,4’-positions of the hydrazo compound is substituted, 
the normal benzidine rearrangement does not take place. The isolated reac- 
tion products are amino derivatives of diphenylamine called sentidines [71]. 

The formation of semidine is illustrated in Eq. (44). 


NH; 
nc \\ in é \ we sek Youd (44) 
CH, 


The preparation of 3,3’-dibromobenzidine illustrates the normal procedure 
of the reaction [72]. 


4-1, Preparation of 3,3'-Dibromobenzidine [72] 


é \\-NH_NH {) 2HCL,. HCL.HGN Cy 
\pr Br Br ‘br 


(45) 


Br Br 
Oy +2NaCl + 2H,O (46) 


Br Br 


In a flask fitted with a suitable stopper is placed 25 ml of ice-cold concen- 
trated hydrochloric acid. To this acid is added in very small increments a 
solution of 4 gm (0.011 mole) of 2,2'-dibromohydrazobenzene in 50 ml of 
ether. The addition is carried out slowly and, after each small portion of 
solution added, the reaction mixture is vigorously shaken. Shaking is con- 
tinued for 1 hr after addition has been completed. The reaction mixture is 
cooled and the precipitating dihydrochloride is separated by filtration, The 
precipitate is washed repeatedly with ether. 

The suspension of the white product is heated with an excess of 10% 
aqueous sodium hydroxide solution on a steam bath. The reaction mixture is 
then cooled and the free base is extracted from the mixture with ether. The 
extract is dried over calcium sulfate. After the separation of the drying agent, 
the ether is evaporated off, the residual 3,3’-dibromobenzidine is recrystal- 
lized from ethanol to give 3 gm (25%) of nearly white solid, m.p, 127°-129°C. 
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B. Hofmann Rearrangement 


The Hofmann rearrangement with hypohalites, the Schmidt reaction, and 
the Curtius reaction are three closely related methods of preparing amines. 
While all of them have been used extensively since they afford a means of 
converting carboxylic acid derivatives to amines with one less carbon atom, 
they all are considered somewhat hazardous reactions. Of the three, probably 
the Hofmann rearrangement is the least hazardous. Both the Schmidt and the 
Curtius reactions may, under certain circumstances, be extremely hazardous. 
The Hofmann rearrangement has been reviewed [73, 74]. The overall reaction 
is represented in Eqs. (47) and (48). 


° 
I va 
RC—NH, + NaOX —> RU 6 > R-N=C=0 4D 


° 
©. RNH: + R'COH (48) 


° 
l 
R—N=C=0 + R‘OH —> R—NH: bor’ ™ 


While many preparations involve the use of sodium hypob:oraite [75], the 
use of sodium hypochlorite has much to recommend it. 

In the case of higher molecular weight fatty acid deriv 
when some of the product free amine reacts with the isocy.:. ce intermediate 
of the reaction. Therefore, by the use of inert solvents si: 23 dioxane, the 
mutual solubilities of isocyanates and the product amine at< :educed and the 
amine may be isolated, as will be shown in the example y: below [74]. 


es, ureas form 


4-2, Preparation of Nonylamine [74] 


se] 
CH(CH,) CNH, + NaOCl —> CH;(CHa);CHsNHz (49) 


(a) Preparation of standard:hypochlorite solution. In a distilling flask equip- 
ped with a dropping funnel, is placed 6.7 gm of potassium permanganate, The 
side arm of the flask is joined by a glass-to-glass connection to a tube dipping 
below the surface of a solution containing 16 gm (0.4 mole) of sodium 
hydroxide dissolved in 100 ml of water and cracked ice contained in a gradu- 
ated cylinder. The cylinder is mounted with an ice bath. 

Fifty milliliters of concentrated hydrochloric acid is admitted slowly 
through the dropping funnel so as to produce a slow stream of chlorine. When 
all the acid has been added, the dropping funnel is closed, and the content of 
the flask is heated gently with a small flame until the reflux point is a little 
below the juncture of the side arm, A Pyrex-wool plug below the side arm 


350 13. Amines 


serves to prevent entrained acid from being carried over. The hypochlorite 
solution is then made up to 160 ml. The solution contains slightly over 0.1 
mole of sodium hypochlorite and 0.2 mole of excess sodium hydroxide. 

(6) Hofmann rearrangement. To a round-bottomed flask equipped with 
reflux condenser, magnetic stirrer, thermometer, and addition funnel, con- 
taining 17.1 gm (0.1 mole) of capramide in 80 ml of purified dioxane is added 
160 ml of the hypochlorite solution prepared as above. The mixture is stirred 
vigorously and heated to 45°C. The temperature then rises spontaneously to 
65°C in 2 min. Stirring is continued without external heating for 2 hr, at 
which time the temperature has dropped back to 42°C. On cooling, an oily 
product layer separates. This is removed and the aqueous layer is extracted 
with benzene. The oily amine product layer and the benzene extract are 
combined. Then the base is extracted into 100 ml of 1N hydrochloric acid. 
The resulting acid layer is separated and to it is added a concentrated sodium 
hydroxide solution. The liberated base is again taken up in benzene, the ben- 
zene extract is dried over potassium hydroxide pellets, and filtered. The ben- 
zene solution is then saturated with hydrogen chloride gas. The mixture is 
then concentrated to a volume of 50 ml with an air stream and 50 ml of dry 
ether is added. The amine hydrochloride is collected on a filter. Yield 11.9 gm 
(66.4%), m.p. 185°-186°C, 

(Reprinted from: E. Magnien and R. Baltzly, J. Org. Chem. 23, 2029 (1958). 
Copyright 1958 by the American Chemical Society. Reprinted by permission 
of the copyright owner.] 


A modification by Jeffreys [76] involves the isolation of the intermediate 
urethane. The problem of this procedure is a general one of hydrolyzing ure- 
thanes to free amines. This appears to be associated with the low solubility 
of urethanes in the reaction medium. 

Recent work has indicated that prolonged heating with an ethanolic solu- 
tion of aqueous sodium hydroxide (10 gm of NaOH in 100 ml of 90% 
ethanol per 5 gm of urethane) constitutes an optimum hydrolysis condition, 
Presumably, even less-soluble urethane may be hydrolyzed in glycol media 
(74}. 

Recently the use of iodine pentafluorides has been introduced as a reagent 
in the Hofmann rearrangement [77]. 


C. Schmidt Reaction 


The reaction of carbonyl compounds with hydrazoic acid in concentrated 
sulfuric acid resembles the Curtius reaction discussed below. This reaction is 
known as the Schmidt reaction. The mechanism is said to be in doubt and 
may actually be different from that of either the Hofmann rearrangement or 
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the Curtius reaction. The choice of carbonyl compounds which may be used 
in this reaction is wide. Carboxylic acids yield primary amines, aldehydes 
yield nitriles or formamides of amines, ketones form amides [78]. 

As mentioned elsewhere we consider the use of hydrazoic acid hazardous 
and make mention of this reaction only for reference purposes. A typical 
example of the reaction using a methyl ketone is given below [Eq. (50)]. 


4-3. Preparation of 3,4-Dimethylaniline [79] 


t 
CCH, 
rm 
+ HN, #89, fuc_7 \ NHC—CH, | —> a as 
CHs 
dy ch, chy (s0) 


In a hood, behind an adequate shield, a solution of 21.4 gm (0.145 mole) of 
3,4-dimethylacetophenone in 100 ml of dry benzene is mixed with 30 ml of 
concentrated sulfuric acid. With stirring 191 ml of a 4.1% solution of hydra- 
zoic acid in benzene is added over a 50 min period while maintaining the 
temperature between 38° and 41°C. After all the solution has been added, 
the mixture is allowed to stir for an additional 5 min, then it is cooled and 
poured into a separatory funnel. The sulfuric acid layer is cautiously poured 
into 400 ml of water and made alkaline with ammonium hydroxide (ap- 
proximately 120 ml required). The yellow oil which separates out solidifies on 
cooling. This precipitate is filtered off, washed once with water, and refluxed 
for 2 hr with 75 ml of concentrated hydrochloric acid. The resulting solution 
is poured into 250 ml of water and extracted with ether. The aqueous solution 
is made alkaline with 6N sodium hydroxide solution. The alkaline solution is 
extracted with ether; the ether solution is dried over potassium hydroxide and 
distilled to yield 7.0 gm of crude 3,4-dimethylaniline, b.p. 138°-143°C (55 mm), 
m.p. 47°C. 

On recrystallization from low-boiling petroleum ether, 5.7 gm ofi pure 
3,4-dimethylaniline is obtained, m.p. 50°-51°C. Yield 32.4%. 


D. Curtius Reaction 


Closely related to the Hofmann rearrangement is the Curtius reaction. 
In this reaction, acid azides are decomposed to isocyanates. The isocyanates, 
in turn, may be converted to urethanes, ureas, amides, or amines. Upon 
hydrolysis of the Curtius rearrangement products, in effect, a carboxyl group 
may be converted to an amino group [80]. 
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As indicated before, we consider the Curtius reaction a hazardous reaction 
and discuss it here primarily for purposes of reference. Considerable detail 
on the conditions for carrying out the reaction as well as a detailed compari- 
son of the effectiveness of the Curtius, Hofmann, and Schmidt rearrangements 
has been given [80]. Acid azides may be prepared by the reaction of acyl 
halides or acyl anhydrides with sodium azides (a reaction in which explosions 
have been reported) or by treatment ofihydrazides with sodium nitrite. Since 
we believe that the acyl azides themselves are explosive in some cases, extreme 
care must be exercised in these reactions, The preparation ofi (+)-trans-2- 
cyclohexyloxycyclopropylamine is an example of the reaction involving 
sodium azide [81]. 


4-4, Preparation of (+ )-trans-2-Cyclohexyloxycyclopropylamine [81] 


Hy - H—O—CH-CH—CO.H 


C1CO.CHs 
ne CHa CHa (CaltsaN 
CH, 
° 
At Ig 
ne Oras gama 
Hy! 
NaNs 
CHa SH, I 
H.c~ GH O—CH—CH—NCO HC” “SCH—O—CH-CH—CNs 
ota, 
CH. 
a Hy CH, HC. CH, a 
a | cht, 
C,H,OH 
NaOH 
Hy 
wie NcH oc cH-NH, 
| CH, GI 


WC CH 
2 


To a stirred solution of 60 gm (0.33 mole) of (+)-trans-2-cyclohexyl- 
oxycyclopropane carboxylic acid in 150 ml of acetone and 75 ml of water at 
—5°C, a solution of 40.5 gm (0.4 mole) of triethylamine in 300 ml of acetone 
is added. After stirring for a short time, a solution of 43.5 gm (0.4 mole) of 
ethyl chloroformate in 100 ml of acetone is added and stirring at —5°C is 
continued for 30 min. 

The following steps are carried out behind adequate barricades. To the 
above reaction mixture, a solution of 32.5 gm of sodium azide in 200 ml of 
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water is added while maintaining the temperature between —5°C and 0°C. 
Stirring is continued for an additional 2 hr between — 5° and 0°C. The mix- 
ture is then poured into an ice-cold saturated sodium chloride solution and 
extracted several times with ether. The combined extracts are dried over 
magnesium sulfate and filtered. To the filtrate is added | liter of absolute 
ethanol. The solution is heated gently on a steam bath to distill the ether off 
slowly. The resulting solution is then refluxed for 6 hr. The ethanol is then re- 
moved by distillation under reduced pressure on a water bath to yield 65 gm 
of crude urethane. This product is treated with 300 ml of a 40% aqueous 
sodium hydroxide solution and refluxed for 36 hr. The solution is cooled and 
exhaustively extracted with ether. The extract is washed with water, dried, 
filtered, and concentrated. The residual oil is distilled under reduced pressure 
and the amine is collected at 50°-60°C (1 mm). Yield 22 gm (47% overall 
from the acid), 

[Reprinted from: J. Finkelstein, et al. J. Med. Chem. 9, 319 (1966). Copy~ 
right 1966 by the American Chemical Society. Reprinted by permission of the 
copyright owner.] 


Examples of reactions involving the formation of the azides from hydra- 
zides, are also to be found in recent literature [82, 83]. 


5. MISCELLANEOUS PREPARATIONS 


(1) Decarboxylation of amino acids [84]. 


cH, 9 CH, 
NN I fo 150°C 
‘eH-CH, nie C—OH + 0=C ec, 
CHs NH; 

CH, CH, CH; 


\ / \ 
CH—CH,—CH,—N=C HCl CH—CH,—CH,—NHy-HCI (52) 
Z Z 

CHs eo CHo 


(2) Methanolysis of trimethylsilyl derivatives [85]. 


CH, 
CHs CH,OH 4 
HOH, es 
‘Gre er O + cH,os_cH, 33) 
NOON 


N CH, 
) ‘CHa | i 


H H 
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(3) Direct amination of aromatic hydrocarbons with trichloramine [86]. 


CH; CH CH; CH, 
° L2AICh hs 2 


CH + NCl 9-700; 10°C 
1: ° 
NH, 


7 
NOTE: Precautions must be exercised in working with haloamines, 


(4) Addition of dialkyl-N-chloramines to olefins [87]. 


CaHe, CaHs ca 
H,S0,/HO, 
Cl + CHs=C—CH, 5224S, N-cH,—¢-cH, 65) 
30°C; No 


7 
CaHs CaHe 


(5) The Chichibabin reaction (amination of heterocyclic amines with 
sodium or potassium amide) [88]. 


Sorat eGlat 66) 


(6) N-Vinylation with vinyl acetate [89]. 


LN t HESO. N 
S-CHs + CHyC-OCH-CH, °S, CK ‘ocH, 57) 

/ 

NH N 


(7) Preparation of secondary alkylamines free of primary and tertiary 
amines (from calcium cyanamide) [90]. 


CaNCN + 2 NaOH —> NasNCN + Ca(OH) (58) 
Na,NCN + 2 RX —> RsNCN + 2 NaX (59) 

‘Ht or OH 
RaNCN + H,O ———> R.NH + COs + NHy (60) 


(8) Condensation of naphthylamine and naphthol [91]. 
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(9) Alkylation of ammonia and amines with thicethers [92]. 


<O , — 4 a 


SCH, 


(10) Aminoalkylation of phenols with 3,4-dihydro(2H)1,3-benzoxazines 
3]. 


N-CHs OH OH OH 
Cl us Ss N ia 
CH, (63) 
a CH, a CHs 


(11) Exchange of amino groups of «-aminotetrahydropyrans [94]. 
R 
R R’ R’ 
Cad emg” CL sm 
oT Ny ORE ‘O07 Re R’ 


(12) Preparation of tetrakis(dimethylamino)methane [95]. 
(CHs)aN (CHe)sN. N(CHs)a 
‘C*+—Cl + 2 LiN(CHs)2 —> Nf (65) 
(CHs)s a- (CHy.N” Nyce 


(13) Preparation of 8-alkylaminocrotonic esters [96]. 


Fe eed ors + C,H,—NH2 —_—_> ", cr ¢-cub-oot (66) 


= 
NHC,H, 

(14) Reaction of dialkylmagnesium compounds with monochloramine [97] 

RaMg + NH.Cl —»> RNHMgCl + RH (67) 

RNHMgCl + HxO —-> RNHz + MgCi(OH) (68) 


NOTE: Precautions must be exercised when working with monochlor- 
amine. 

(15) Reductive alkylation of ammonia and amines [98]. The reaction of 
ammonia, primary, and secondary amines with carbonyl compounds in the 
presence of a reducing agent, usually hydrogen and a hydrogenation catalyst, 
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is an important method for the preparation of a variety of substituted amines, 
Since the preparations usually require high pressure equipment, details of the 
procedure are not given here. The reaction may be represented by the follow- 
ing set of equations: 


° R’ 
roe + NH, == ss 


HH 
I R—CH—NHa (69) 


The scope and limitations of the reaction have been reviewed [98]. A recent 
example using sodium borohydride as the reducing agent is [99]: 


° 
II 
r \cr fn, + CHjNHz aera H—CHNHCH, 


OH bu du, 
70) 


(16) Reductive alkylation of amines with esters [100]. 


HsCe CH, 9 a HC. Cs 


h 
an is + CH,OCCHs —Ee > (VS ee (7) 
CH, CHy 


3-Ethy!-3-phenylazetidine 
(17) Reductive ammonation of ozonolysis products [101]. 
1. Og/Og at — 15°C 


CoHirCH=CHs ————————> C,Hi;CH2NHa (72) 
2, NH, (ig) 


Hg at 00 pal 
150°C 
(18) Reductive amination of polynuclear aromatic hydrocarbons (under 
conditions of the Birch reduction) [102]. 
HiC—~CHy 


N 
a CHa na 
| +H NH “Ne 
\ Z 
H,C—~ CH, 
H,C—CH, 
Hy 7 ONG ao a 
gy Fe Yel (73) 
CH, Hit, CHe Ss ZA Se 
CH, CH, 
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(19) Rearrangement of alkylanilines [103]. 
Cobalt 
CH,CH,CH,CH,CH,NH. —thlioride na { _\-cHcwcncnict, 


(74) 


(20) a-Substitution of N,N-dialkylanilines and triethylamine [104]. 
C.Hs 


| 
; N—CH—C,H, (75) 
N—CHCHs + W-CyHyLi + n-CyHyl —> 1 
CH 


CaHs 
(CgHs)aNCHaCHy + n-CyHol + n-C,HpLi —> 
CHs 
(CoHe)N—CH(CH,)oCHs +mCeHie (76) 
(21) The Bucherer reaction [105]. The Bucherer reaction is a reversible 
replacement of the hydroxyl group of naphthol derivatives by amino groups 
in the presence of an aqueous sulfite or bisulfite. Under more vigorous condi- 


tions, N-alkyl and N,N-dialkylaminonaphthalene derivatives may also be 
prepared, e.g., 


Tr... 
H ae be mi _\ (i) 
A NaHSOo 
HO,S HO,S' 


See also Miscellaneous Procedure (8), and Lieber and Somasekhara [91]. 
(22) Hofmann--Léffler reaction [106]. 
\ 


CHsCH.CH.CHANH—Catl — 


CICH,CH,CH,CH,N og, Ne 
laCH,CHyCH2NH2C,H, TLC Cy (78) 


| 
CH 


(23) N-Hydroxyalkylation reaction (amino alcohol preparation) [107]. 
H HR" R" RY 
b I é H HH | | 
R’ C NH + R¥—C. cya > R’—C=C ¢ ‘CH2—CH—OH 
RY R No R (79) 


. 


R-Z 
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C S-cecn, + RNH, —> 
NY 
0 
cs CH—CH.NHR -¢ \ CHINR (60) 
—/ ch, 


OH 
€ \-cn 4 H,N—CH,CH,—NH, —> 
‘0 
nxcucn,nicrcr{ + 


OH 


C \-gr-cunercnscnnacn-crf _\ (81) 


OH OH 
(24) Amination of tosylates [108]. 


( \-cuc-cioso{_\-cm Sania C \-cue-cr—ni (82) 


C=CH CCH 
(25) Reduction of nitro compounds with lithium aluminum hydride [109]. 


a Ae AIRS eee (83) 


OCH, OcH, 


Om Orono 


With increased steric hindrance, amine formation predominates [110]: 


CH, CH, 
é 
ne“ \no, AH Hc ( NH, (85) 
CH; CH, 
(26) Enamine preparation [111]. 
o 
& 
‘oluene CH. H,C—CH. 
Wee Set + HC ——~CHs sini ai, wcy Soo . (86) 
(chy, eg SH a Ht—CH, 


Ref. [112] 


{ 
( 
i 
| 
i 
i 
i 
| 
‘ 
i 
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fc) ° 
| i 
c 


: ° 
a 

H,C—-N7 “CH. il (Cutty HCN C2 CH-NHCHg 

+ HC—NHCH, -ShN, I 

Orn 0 O-C. 0 @ 


| | 
CHa CH, 


Ref, [113] 


(27) Tertiary amine preparation by electrolytic reduction of quaternary 
ammonium salts [114]. 


wort). 
N anf _ Electrolysis ren 83% yield (88) 


“He-cathode 
chou f \ ch, 


(28) Preparation of hindered tertiary amines in the presence of alkyl 
lithium [115]. 


CH 
ere, BO cif ai se 
NHCHO + cH) Sth. | CH—CH, (89) 
\ PA Se ma 
ch, a 


CH, 


tN 
¢ 
| 


CH, 
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1. INTRODUCTION 


The syntheses of the following six types of hydrazine derivatives are 
described in this chapter: 
(1) Substituted hydrazines with a free amino group, e¢.g., the simple mono- 


aliphatic and monoaromatie hydrazines, and the 1,1-disubstituted hydrazines, 
363 
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sometimes referred to as N,N-disubstituted hydrazines or “ unsymmetrically 
disubstituted hydrazines.” 

(2) 1,2-Disubstituted hydrazines frequently referred to as “hydrazo 
compounds” or “symmetrically disubstituted hydrazines.” 

(3) Trisubstituted hydrazines. 

(4) Tetrasubstituted hydrazines. 

(5) Hydrazones. 

(© Hydrazides. 

Hydrazine and its derivatives are best known as reagents used for the iden- 
tification of carbonyl compounds. Of these, phenylhydrazine, 2,4-dinitro- 
phenylhydrazine, and Girard’s reagent [(CHs)sN*CH,CONHNH,ICI-, are of 
particular importance. Many heterocyclic compounds with two adjacent 
nitrogens, such as pyrazoles and pyrazolines, may be considered hydrazine 
derivatives and methods of preparation of hydrazine derivatives may be ap- 
plicable totheir synthesis [1, 1a-e]. However, the detailed treatment of synthetic 
methods for such heterocyclic compounds is beyond the scope of this work. 

The methods of preparing the various classes of substituted hydrazines and 
hydrazine derivatives are summarized in Table I. In this connection it must be 


TABLE I 
SyNTHEsEs OF SussTITUTED HyDRAZINES AND HyDRaZzINE DERIVATIVES 
ea nets nS 
Product type Reaction type Reactant Reagent References 


Monosubsti- Condensation Hydrazine (excess) Dialky] sulfate Md, 4 
tuted 


hydrazine 
Condensation —_ Hydrazine (excess) Higher alkyl +6 
halide 
Condensation Hydrazine Activated ary! 7,8 
halide 
Condensation Primary amine Chloramine H13 
Condensation Primary amine Hydroxylamine-O- 14, 15 
sulfonic acid 
Reduction N-Alkyl-N-nitro- _ 16~23 
soamine 
Reduction Hydrazone of _ 24-26 
aldehyde 
Reduction Aromatic diazo- _ 27-30 
nium salts 
1,1-Disubsti- Condensation | Hydrazine Alkyl hatide 6 
tuted hydra- @ moles) 
zine 
Condensation Secondaryamine _Chloramine 10-12 
Reduction N,N-Dialkyl-N- ~_ 16~23, 31 
nitrosoamine 
Reduction Hydrazone of _ 7 


ketone 
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TABLE I 
SynrHeses or SusstirureD HyDRAZINES AND HypRAZzINE DERIVATIVES 
Product type Reaction type Reactant Reagent References 
1,2-Disubsti- | Condensation Hydrazine Activated aryl id 
tuted halide (2 moles) 
hydrazine 
Condensation Dihydrazide Alkyl halidc(s) 24, 32, 33 
(2 moles) 
Reduction Monosubstituted _ 24-26 
Hydrazone of 
aldehyde 
Reduction Aromatic nitro _ 3 
(bimolecular) compounds 
1,1,2-Trisub- | Condensation Hydrazine Alkyl halide 6 
stituted (3 moles) 
hydrazine 
Reduction Disubstituted _ 25 
hydrazone of 
aldehydes 
Reduction Monosubstituted = 2 
hydrazone of 
ketones 
Reduction Acyl hydrazone of = 35 
ketone 
Tetrasubsti- Condensation Hydrazine Alkyl halide 6 
tuted (4 moles)? 
hydrazine 
Reduction Disubstituted - © 
hydrazone of 
ketone 
Oxidation Secondary amine — 36 
Hydrazone Condensation Hydrazine Aldehyde or 4,37, 38 
ketone 
Condensation -Hydrazide Aldehyde or 35 
ketone 
Condensation Substituted Aldehyde or 37, 38 
: hydrazine ketone 
Hydrazide Condensation — Hydrazine Ester 37, 39, 40,41 
Condensation Hydrazine Anhydride Te 
Condensation Hydrazine Acyl halide’ 42 
Condensation Hydrazine Amide 43 
Condensation Substituted Esters e 
hydrazine 
Condensation Substituted Acyl halide ¢ 
hydrazine 


2 Excess of alkyl halide may lead to monoquaternized compounds [6]. 


®° Frequently leads to 1,2-diacyl hydrazines [24, 32}. 
© Suggested reaction procedures. 
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pointed out that monomethyl- and monoethylhydrazine are usually prepared 
by special methods such as one involving quaternization of benzalazines [2, 
3). 

Medel itself may be subjected to a variety ofi facile substitution reac- 
tions because of its great nucleophilic character. This reactant reacts with 
alkyl halides and activiated aryl halides to yield substituted hydrazines. With 
acyl halides, esters, and amides its forms hydrazides; with carbonyl com- 
pounds, hydrazones are formed. Many of the reactions may also be carried 
out with substituted hydrazines to afford a wide variety of products. 

Substituted hydrazines can be prepared by the reaction of amines with 
chloramine and with hydroxylamine-O-sulfonic acid. Of these two reagents, 
hydroxylamine-O-sulfonic acid has been introduced more recently and the 
full scope of its reactivity requires further exploration. The present authors 
believe that this is a more convenient and less hazardous reagent than chlor- 
amine, probably capable of undergoing all the reactions of chloramine. By its 
use, not only mono- but also 1,l-disubstituted hydrazine should be pre- 
parable. The synthesis and utilization of N-substituted chloramines and 
hydroxylamine-O-sulfonic acids require further exploration. 

Several classes of hydrazines have been prepared by a variety of reductive 
procedures of N-nitrosoamines and hydrazones of various carbonyl com- 
pounds. The latter procedure is of particular value, since by the judicious 
selection of the carbonyl compound and a substituted hydrazine, hydrazones 
may be prepared which, can lead to new hydrazines with up to three different 
substituents. 

Since aromatic diazonium salts may be reduced to mono-aryl-substituted 
hydrazines, a simple route to a vast variety of N-arylhydrazines is available. 

The use of hydrazine and substituted hydrazines in the preparation of 
hydrazones by reaction with carbonyl compounds is well known. 

Of some interest is the fact that hydrazides also react with carbonyl com- 
pounds in an analogous fashion. Since hydrazides can be prepared from 
polymeric esters, resins can be prepared which are capable ofi separating 
carbonyl compounds from organic mixtures. Such resins might be used in a 
“carbonyl-exchange” column. 

The best method of preparing hydrazides is the reaction of hydrazines with 
esters. Acyl halides and amides may also be reacted with hydrazines. In the 
case of the Ing-Manske reaction, N-substituted phthalimides are reacted with 
hydrazine to generate a primary amine and the cyclic phthalhydrazide, 


2. HYDRAZINES 


Several reviews on the subject of hydrazine chemistry have appeared 
[1, la-d, 7]. 
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While some of the synthetic procedures given below may apply specifically 
to one or the other classes of hydrazine derivatives under discussion, many of 
the reactions, with suitable modifications, may be applied to the preparation 
of several types of hydrazine derivatives. 


NOTE: All reactions involving hydrazine, its hydrates, or its salts should 
be carried out in a hood since they are extremely hazardous and toxic 
materials. 


A. Alkylation Procedures 


The alkylation of hydrazine by an aliphatic halide produces in the first step 
a monoalkyl hydrazine, according to Eq. (1). The alkyl-substituted nitrogen 
is substantially more basic than the unsubstituted nitrogen. Consequently 
this nitrogen is more readily alkylated a second time than that of the adjacent 
free amino group. Therefore, simply alkylation reactions tend to produce 
1,1-dialkyl hydrazines [Eq. (2)]. Even so, this reaction appears to be of 
preparative value if the alkylating agent contains six or more carbon atoms 
[1d, 4, 5]. 


NH,—NH,; + RX -—» R—NH—NH, + HX (1) 
ae 
R—NH—NH; + RX —> ae + HX @® 
R 


In the aromatic series, simple halides such as chlorobenzene do not 
normally react with hydrazine. The more reactive halides, however, such as 
the nitrochlorobenzenes do react with hydrazine to yield monosubstituted 
aromatic hydrazine derivatives in good yield. Since the mono-aryl-substituted 
amino group of the hydrazine is less basic than the unsubstituted amino group 
treatment of hydrazine with an excess of a reactive aryl leads to 1,2-diaryl- 
hydrazines. Also, reaction of monoarylhydrazines with alkyl halides results 
in the formation of 1-aryl-2-alkylhydrazines. 

The lower alkylhydrazines such as methythydrazine and ethylhydrazine are 
usually prepared by indirect methods. Probably the most convenient method 
of preparing methylhydrazine involves quaternization of one of the nitrogen 
atoms of benzalazine followed by hydrolysis, according to the reaction 
scheme of Eqs. (3)}-(5). 


° 
2 (\t8 + NH,—NH,-H,so, NH ( \ crn nor{_\ 
Q) 
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( Vn. N-N ut \ + (CH,),S0, —> 
(aang o{)) essa 
CH; 


(\-ortnno(_) ews +3H,O — 
CH, 
2 
2 Ce + CH,OH + CH,NHNH,-H,SO, (5) 


While this reaction was originated by Thiele [2], detailed directions for the 
Preparation of methylhydrazine have been described [3]. 

The monoethylation of hydrazines given here was found possible when an 
excess of hydrazine in ethanol was used [4]. 


2-1. Preparation of Ethyihydrazine [4] 


NH2—NH; + (CHsCH2)2S0, — CH;CH,NHNH; + C2H;OH + KHSO, (6) 

Ina hood, in a three-necked flask fitted with a mechanical stirrer, an empty 
distillation column, topped with a total reflux—partial take-off distillation 
head, an addition funnel, and means to maintain a nitrogen atmosphere, are 
placed 35 gm (0.63 mole) of potassium hydroxide, 30 ml (0.93 mole) of an- 
hydrous hydrazine (957, active), and 60 ml of absolute ethanol. This mixture 
is cooled in an ice bath while being stirred mechanically. 

From the addition funnel, 33 ml (0.25 mole) of acid-free diethyl sulfate is 
slowly added while maintaining a low temperature, After completion of the 
addition, the mixture is heated in a bath to 165°C to separate a mixture of 
hydrazine and ethylhydrazine by distillation, The distillate is cooled and made 
strongly acid by cautious addition of concentrated hydrochloric acid. The 
precipitating hydrazine hydrochloride is separated by filtration from the hot 
solution. The filtrate is then concentrated to half-volume. A small amount of 
hydrochloric acid is added and the solution is allowed to cool. The precipi- 
tate that forms is further washed in turn with small portions of concentrated 
hydrochloric acid, alcohol, and ether. The product is then dried in a vacuum 
desiccator over calcium chloride. A further crop of product may be obtained 
by concentrating the mother liquors to yield a total of 21 gm (87%,) of ethyl- 
hydrazine hydrochloride. 


t 
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The free hydrazine may be prepared in 80%, yields by treatment of the 
hydrochloride salt with base. The anhydrous compound is obtained by dis- 
tillation from an excess of barium oxide. 


2-2. Preparation of 2,4-Dinitrophenylthydrazine [7] 
NO, NO, 


on( Sm + NH,;NH, —> on{ +HBr (7) 


A solution of 0,5 gm (0.002 mole) of 2,4-dinitrobromobenzene in 7.5 ml of 
95%, ethanol is heated almost to boiling. To this is added a solution of 0.5 ml 
of 65%, hydrazine (0.010 moles of hydrazine) in 2.5 ml of 95%, ethanol. The 
resultant solution rapidly turns deep red-purple as it is allowed to cool un- 
disturbed for approximately 4 hr. The crystals are collected on a Biichner 
funnel and washed with a small quantity of 95%, ethanol to yield 0.365 gm 
(91%), m.p. 200°-202°C. The product may be recrystallized from ethyl ace- 
tate (orange platelets). 


Perfluorinated aromatic systems evidently may be subjected to nucleo- 
philic attack by hydrazine to yield substitution products [8]. In the prepara- 
tion and handling of these compounds, strong alkalies should be avoided to 
prevent complex internal oxidation-reduction reactions. 


2-3, Preparation of 4,4'-Dihydrazinooctafluorobiphenyl [8] 
F F OF F 


ré \ F + NH,NH, —> 


F FOR F 
NH,-~NH. ¢ \ { NH—NH, + 2HF (8) 
F F F F 


In a 1 liter two-necked flask fitted with a mechanical stirrer and reflux 
condenser, a mixture of 100.2.gm (0.3 mole) of decafluorobiphenyl, 40.3 gm 
(1.2 moles) of anhydrous hydrazine (95+-% pure), and 450 ml of absolute 
ethanol is stirred and heated at reflux temperature for 21 hr. 

The mixture is then distilled under reduced pressure to approximately half 
its original volume and decanted into 700 ml of water. The precipitate is 
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filtered off and heated with stirring in 800 ml of a 50%, solution of 957% 
ethanol in benzene. Upon cooling, 87.8 gm (77%) of 4,4’-dihydrazinoocta- 
fluorobipheny] is isolated, m.p. 208°~211°C. 


As stated above, the alkylation of hydrazine with alkyl! halides tends to 
favor 1,1-dialkylation. By variations in the reaction conditions, either mono- 
alkyl or dialkyl derivatives may be formed. With a large excess (5 molar) of 
hydrazine, comparatively low reaction temperatures (100°-120°C), and use of 
long chain alkyl halides, monoalkylation is favored. Intermediate reaction 
conditions tend to favor the formation of mixtures. For example, treatment of 
13.5 moles of hydrazine hydrate with 4.0 moles of chlorotriethylamine hydro- 
chloride in an aqueous potassium carbonate solution resulted in a 59%, yield 
ofi the monoalkylated hydrazine and 6% of the dialkylated hydrazine, as 
shown in Eq. (7) [5] (see also Procedure 2-1). 


Cals CaHs 
NH;NHs + ‘N—C,H,Cl ss Sy—catte-NHNH, 59% 
CaHs CaHs 
CoHs 
+ ‘N—GH.N—NH, 6% 
ts aH, 


CaHs—N—C2H; (9) 

The lower 1,2-dialkyhydrazines have been prepared by alkylation of di- 

hydrazides such as dibenzoylhydrazine [32]. A typical example is the prepara- 

tion of 1,2-dimethylhydrazine dihydrochloride according to Eqs. (10)-(12) 
[32]. 


° 


i ? 
Ii il 
2 C\-&0 + NH,NH,-H,SO, N#OH, CS -€ nn << \ 
' 


, (10) 


fo) ° 
C \-ewinéL \ + 2(CH,),SO, + 2NaQH —> 
° 
i Ly att \ +2 NaHSO, + 2CH,OH (11) 


CH; CH, : 
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i i 
i i 
(Nn ees + 2HCI+2H,0 —> 
CH, CH, 
2 € \-com + CH;NHNHCH;-2HCI (12) 


This procedure may be used to prepare a wide varicty of 1,2-dialkyl- 
hydrazines in which the two alkyl groups are different. Since it has been 
shown that monoalkylhydrazines upon benzoylation with benzoyl! chloride 
form dibenzoy] derivatives, the monoalkylated dibenzoylhydrazine may then 
be alkylated further with a new and different alkyl! halide. Upon hydrolysis 
of this dihydrazide, a 1-alkyi-2-alkyihydrazine may be isolated [24, 33]. 


2-4. Preparation of 1-Methyl-2-Isopropylhydrazine \33| 


° 
t H |l 
(Scat + (CHg)sSO, + NaOH —> 


oO O° 

I If 

CONN + NaHSO, + CHsOH (13) 
i es 


HsC CHa CH, 


\ 
/XH—NHNH—-CH, + 2 C\-com (14) 
CHs 


To 250 gm (1 mole) of dibenzoylisopropylhydrazine, dissolved in a mini- 
mum quantity of 95%, ethanol, is added, with stirring, 31.5 gm (0.25 mole) of 
dimethyl sulfate and 10 gm (0.25 mole) of sodium hydroxide solution as a 
concentrated aqueous solution. After about 1 hr, the alkaline solution be- 
comes acid and a further 10 gm (0.25 mole) of dimethyl sulfate and 10 gm 
(0.25 mole) of sodium hydroxide solution are added. This procedure is re- 
peated until] approximately a 10% to 20%, excess of dimethyl sulfate and so- 
dium hydroxide is present. The product is precipitated by adding four 
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volumes of cold water with constant stirring to the reaction mixture. The 
yield of crude product is 210 gm (80%), m.p. 63°-68°C. The crude 1,2- 
dibenzoyl-1-methyl-2-isopropylhydrazine product is purified by dissolving it 
in alcohol and reprecipitating it with water. The yield is reduced to about 70% 
of theory. By repeated recrystallization, this substituted dihydrazide may be 
purified to a melting point of 76.25°-76.75°C. 

The purified product is now hydrolyzed by adding five times its weight of 
concentrated hydrochloric acid and heating the mixture at 90°-95°C. The 
resulting benzoic acid is removed by filtration and the remaining filtrate is 
concentrated to a small volume at reduced pressure. Since the hydrochloride 
salt of the hydrazine is quite hygroscopic, it is not possible to isolate the 
product from the aqueous syrup. 

To prepare the free hydrazine, the syrupy residue is treated with an equal 
volume of concentrated sodium hydroxide solution under oxygen-free nitro- 
gen in a vacuum distillation apparatus. The free base is distilled under reduced 
pressure, in an oxygen-free nitrogen atmosphere to 2 receiver containing 
solid sodium hydroxide. This product still contains water. The product from 
this first distillation is stored in a sealed container over sodium hydroxide for 
24 hr. The upper liquid layer is then separated carefully and again distilled 
into a receiver containing aluminum amalgam as a drying agent. This pro- 
cedure is repeated several times to finally form a product in 50% yield (44 gm). 
The boiling point of the purified product is 79,5° to 79.7°C (371 mm). 


Upon alkylation of hydrazine with low molecular weight alkyl halides, 
alkylation can proceed until one nitrogen is quarternized. Particularly when 
tri- or tetrasubstituted propyl or butylhydrazines are to be prepared [6], 
forcing conditions such as elevated temperature are usually required, 


B. Syntheses Involving Formation of Nitrogen—Nitrogen Bonds 
a, MopiFIED RASCHIG SYNTHESIS 


The preparation of hydrazine by the addition of chloramine to ammonia in 
an alkaline aqueous solution has been termed “the Raschig hydrazine 
synthesis” [9]. 

The substitution of various amines for the ammonia in the Raschig syn- 
thesis permits the preparation of a variety of N-substituted hydrazines [10, 11]. 
Factors influencing the yield of such substituted hydrazines are the mole 
ratio of amine to chloramine; the presence of gelatin to deactivate metals 
which may be present in the reaction system; the presence of a nonvolatile 
base; and the reaction temperature [10]. The preparation of cyclohexyl- 
hydrazine sulfate is representative of the modified Raschig process. 
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2-5. Preparation of Cyclohexythydrazine Hydrogen Sulfate [10, 11] 


NaOCl + NH; ——~ NaOH + NH,Ci 


Hy —CHa HsC—CH, 

/ NaOH 

HC CH—NH, + NH,Cl ———» HyC, CH—NH—NH, (15) 
H,C—CHe H,C—CH, 


NOTE: Since chloramine may be a particularly hazardous reagent, all due 
safety precautions must be taken. The use ofia good hood and safety shields 
should be minimum precautions. 

(a) Preparation of a chloramine solution. To 8.57 gm (0.115 mole) ofisodium 
hypochlorite in 100 ml of water is added a solution of 0.25 gm of gelatin dis- 
solved in 50 ml of water. The solution is placed in a three-necked flask equip- 
ped with a mechanical stirrer, a thermometer, dropping funnel, and an outlet 
vent. The apparatus is placed in an ice bath and cooled to 0°C. Then, with 
cautious shaking, 100 ml of cold 1.5 N ammonium hydroxide solution is 
added dropwise. After the addition of ammonia hydroxide, the flask is 
cautiously shaken, care being taken to avoid excessive evolution of gas. 

The solution prepared in this manner is found, by analysis, to be 0.16 A 
with respect to its chloramine content. 

(6) Preparation of the substituted hydrazine salt. While maintaining ice 
temperatures, to this chloramine solution is added cautiously 30.2 gm (0.3 
mole) oficyclohexylamine. The reaction mixture is stirred mechanically while 
it is allowed to warm to room temperature over a | hr period. Then it is heated 
ona steam bath for an additional 30 min. The reaction mixture is chilled in an 
ice bath, whereupon the excess amine and cyclohexylhydrazine form a sepa- 
rate liquid phase. The product mixture is separated and subjected to frac- 
tional distillation to separate the excess cyclohexylamine. To the aqueous 
cyclohexylhydrazine fraction, an excess of dilute sulfuric acid is added. 
Cyclohexylhydrazine hydrogen sulfate is isolated by evaporation of this 
aqueous solution. The product is recrystallized by dissolving the crude in 
methanol followed by precipitation upon addition ofi ether. Yield 5.8 gm 
(60%), m.p. 117°C. 


Similar reactions have recently been described for the preparation of 1,1,1- 
trisubstituted hydrazinium hydrochlorides [12, 13]. Therefore, except for the 
possible hazard ofi handling chloramine, this method appears to be of wide 
applicability for the preparation of I-alkyl, 1,1-dialkyl and 1,1,1-trialkyl- 
hydrazinium salts. 
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A closely related method of establishing a hydrazine functionality from an 
amino group involves the use of hydroxylamine-O-sulfonic acid. This is 
perhaps the most convenient method of preparing alkyhydrazines from 
ethylamine and higher amines. In a typical example, 2-aminopentane was 
converted to 2-pentylhydrazine [14]. This procedure, it seems to us, differs 
only in minor detail from the general procedure of Gever and Hayes [I5]. 


2-6. Preparation of 2-Pentylhydrazine [14] 


KOH 
CH,CH;—CH,—CH—NH, + NH,0SO;H ——» 


Hs CH,CHsCH,—CH—NHNH, + KHSO, (16) 
CH; 

To a mixture of 46 gm (0.53 mole) of 2-pentylamine and 9.2 gm (0.164 
mole) of potassium hydroxide in 150 ml of water, heated to reflux, is added 
dropwise with stirring over a 4 hr period, a solution of 9.5 gm (0.084 mole) of 
hydroxylamine-O-sulfonic acid in 50 ml of water. The reaction mixture is 
concentrated to half-volume under reduced pressure. The solution is then 
transferred to a separatory funnel, layered with ether, and 10 ml of 10 N 
sodium hydroxide solution is cautiously added. The ether layer is separated, 
and the aqueous system is repeatedly extracted with ether. The combined 
ether extracts are dried with potassium hydroxide. After evaporation of the 
ether, the residual oil is fractionally distilled under reduced pressure. The 
product boils between 56°-60°C at 11 mm. The yield is not reported in the 
patent. However, yields normally run between 30% and 60%, by this general 
procedure [15]. 


In the procedure of Gever and Hayes [15], the isolation of the reaction 
Product involves conversion to the substituted hydrazone of benzaldehyde, 
separation of the excess benzaldehyde by steam distillation, hydrolysis of the 
hydrazone, and precipitation of the hydrazine as the oxalate salt. 

The closely related preparation of 1-aminopyridinium iodide has been 
described recently [44]. This reference (see also [15]), indicates the wide ap- 
plicability of this technique to the preparation of substituted hydrazines. 


C. Reductive Methods 
a, REDUCTION OF N-NITROSOAMINES 


In the reduction of N-nitrosoamines to 1,1-disubstituted hydrazines, the 
substitution may be either aliphatic, aromatic, or aliphatic and aromatic 
groups. The earliest examples of such reductions used zinc and acetic acids as 
reducing agents. Typical examples of this procedure have been reported 
[16, 17]. 
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High pressure hydrogenations using platinum on carbon or palladium on 
carbon catalysts in the presence of a variety of salts to prevent complete reduc- 
tion of the nitroso compound to the amine are described [18]. Liquid phase 
high pressure hydrogenation in the presence of Raney nickel catalyst has also 
been described [19]. 

N-Nitrosoamines have also been reduced with lithium aluminum hydride. 
Among these compounds are the N-nitroso derivatives of relatively simple 
primary aromatic and aliphatic amines, N-nitrosopiperidine derivatives, 
N-nitrosopyrrolidine derivatives and N-nitrosopyrroles [20], N-nitroso 
derivatives of secondary amines [21, 2la], and N-nitrosodiethylhydroxyl- 
amine [22]. 

It has been noted that the reduction with lithium aluminum hydride of 
nitrosoamines is characterized by a long induction period followed by a 
rather violent initial reaction [20, 23]. By the careful control of the addition 
of reagents and the use of oversized equipment, the reaction can be kept under 
control. 


2-7. Preparation of 1,1-Diethylthydrazine [31] 


CAH, CiHs 
Syono oa So a7 
GiHs CoH, 


In a hood, behind an explosion shield, in a 3 liter three-necked flask fitted 
with a dropping funnel, a condenser protected with a drying tube, and a 
ground glass stirrer, is placed 1 Ib of dry ether and 27 gm (0.71 mole) of 
lithium aluminum hydride. The mixture is cautiously heated to reflux (pos- 
sibly with an infrared lamp) for 14 hr and then cooled in an ice bath, With 
very vigorous stirring, and with ice cooling, a solution of 51 gm (0.5 mole) of 
N-nitrosodiethylamine in 50 ml of anhydrous ether is then added in the course 
of 2} hr. [While the original authors recommend the addition in this manner, 
the present authors suggest that a small quantity of the N-nitrosodiethylamine 
solution be added first and then, only after evidence of reaction has been 
noted, should the rest of the material be added with similar precautions.] 
In any event, a vigorous reaction is noted, which is characterized by consider- 
able evolution of heat and frothing. Vigorous stirring is maintained at all 
times. When the reaction finally has subsided, an additional 150 ml of ether is 
added and the mixture is stirred for 45 min at 0°C, followed by 45 min at room 
temperature, 

The flask is then cooled in ice and, dropwise, 60 ml of water is added with 
great caution. [The present Authors suggest that an excess of ethyl acetate be 
used rather than water in decomposing the excess lithium aluminum hy- 
dride.] Then 300 ml of 20% sodium hydroxide solution is added and the ether 
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layer is decanted from the suspension. After extracting the aqueous suspen- 
sion with several proportions of ether, the ether solutions are combined and 
dried over potassium carbonate. The solvent is evaporated. The residue is dis- 
tilled fractionally from potassium hydroxide through a jacketed Vigreux 
column. The product boils at 98°-99°C. Yield 25.5 gm (587,). The product 
is stored in a tight container under refrigeration. 


Instead of reduction of N-nitrosoamines with lithium aluminum hydride, 
with its tendency to long induction periods and sudden evolution of heat, the 
reduction of N-nitrosoamines with sodium and alcohol or with sodium in 
liquid ammonia in the presence of alcohol has been reported and should be 
investigated further [23]. 

A typical example is the preparation of 1,1-disobutylhydrazine [23]. 


2-8. Preparation of 1,1-Diisobutylhydrazine [23] 


CHs—CH—CH,—-N—No USO, cH, CH-CH-N-NH. (18) 
Ha Hg 9 a 
—CH, H—CHy 


bu, du, 


To a three-necked flask fitted with a reflux condenser protected against 
atmospheric moisture, and a mechanical stirrer, a solution of 33 gm (0.25 
mole) of diisobutylnitrosoamine in 250 ml of absolute ethanol is cooled to 
0°C, Over a period of 4 hr a total of 23 gm (1 gm atom) of sodium is added. 
Since the reduction is slow toward the end of the reaction, the solution is 
allowed to warm to room temperature. Upon completion of the sodium addi- 
tion, low boiling petroleum ether is added to the solution and then water is 
slowly added until phase separation has occurred. The reaction mixture is 
then extracted repeatedly with a total of 1.5 liters of low-boiling petroleum 
ether (30°-40°C). The extract is dried over night over anhydrous sodium sul- 
fate. The solvent is then removed at atmospheric pressure and the residue is 
fractionated under reduced pressure to give 13.2 gm (36.6%) of 1,1-diisobutyl- 
hydrazine, b.p. 58.5°-59.5°C (15 mm). 


b. RepucTION of HyDRAZONES 


Since a variety of hydrazine derivatives react readily with ketones and 
aldehydes to form hydrazones, and since the readily prepared hydrazides also 
react with carbonyl compounds to produce the corresponding acylhydrazones 
(1-acyl-2-alkylidenchydrazines), reductive procedures permit the preparation 
of a wide variety of 1,2-dialkylhydraznes. For example, by such procedures 
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the bis dimethylhydrazone of glyoxal has been converted to a bis hydrazine 
according to the following equations [25]: 


CH, (oMmey CH, CH, 
XN 
2 N. NH, + Hd é H x N=CH—CH: NON (19) 
CH, cH, Neus 
CHs CH, cH CH 
Nw 4 is a N’ 
N=CH—CH=N—N’ > ‘NH—CH,—CH,;—NH (20) 
ya \ Z \ 
CHs ‘CH Cus ‘CH, 


A typical preparation making use of an acylhydrazone as the starting 
material, illustrative of this general procedure, is the preparation of 1-ethyl-2- 
isopropylhydrazine, 


2-9. Preparation of 1-Ethyl-2-isopropythydrazine [35] 


°o CHs 
cadyuNna + Seno — 
CHs 
° CH, CHs 
cise NHN a, CHCHANENHCH ay 
CH ‘CHs 


To a flask fitted with a stirrer, a reflux condenser, and addition funnel and 
containing 56 gm (0.76 mole) of acethydrazide is added 50 gm (0.86 mole) of 
acetone. The mixture warms appreciably when a homogeneous solution 
results, This solution is cooled and the resulting solid mass is broken up and 
triturated with an additional 10 ml of acetone to ensure completeness of 
reaction. 

After filtration, the product is recrystallized from isopropanol and dried 
in a vacuum over at 50°C to yield 71 gm (827) of |-acetyl-2-isopropylidene- 
hydrazine, m.p. 134°—135°C, 

In the thimblé of a Soxhlet extractor, 71 gm (0.62 mole) of |-acetyl-2- 
isopropylidenehydrazine is loaded. The extractor and its condenser are 
attached to a 5 fiter three-necked flask also equipped with a magnetic stirrer, 
and drying tube, and containing 52.4 gm (1.38 moles) of lithium aluminum 
hydride suspended in 2 Ib of anhydrous ether. The reaction setup is placed 
behind an adequate shield and the reaction is carried out by refluxing the 
ether through the Soxhlet extractor. Reflux is continued until all of the 
acylhydrazone has been extracted from the thimble and no further reaction is 
noted. The lithium aluminum hydride complex is then carefully decomposed 
by the cautious addition of water or ethyl acetate, the precipitate is filtered 
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off and repeatedly washed with anhydrous ether, and the ether washings are 
then combined and concentrated at reduced pressure. The residual hydrazine 
is isolated by fractional distillation in a nitrogen atmosphere to yield 38.6 gm 
(61%), b.p. 113°-115°C (740 mm). 

Both 1-alkyl- and 1,2-dialkylhydrazines have been prepared from the cor- 
responding hydrazones or azines by hydrogenation over platinum [24, 26]. 


c. REDUCTION OF DIAZONIUM SALTS 


In the aromatic series, hydrazine derivatives are conveniently prepared by 
the reduction of diazonium salts. The reduction is usually carried out with 
freshly prepared sodium bisulfite [27, 28]. For example, 2,4,6-tri-tert- 
butylphenylhydrazine has been prepared from the corresponding amine by 
this procedure according to Eqs. (22) and (23) [29]. 


CICH)s CICHs)s 
coe 5 NH, NANOwHCtor HOA ey ).¢ Nat Cle (22) 
ycHas C(CHy), 
CICH,)s CICHs)s 
(CH,).C Nat C-SRC (CHa)aC NHNH;-HCI 
C(CHa)s C(CHs)s (23) 


A variation of the reduction of diazonium salts using stannous chloride 
has also been described [30]. 


d. BIMOLECULAR REDUCTION OF NITRO CoMPOUNDS 


The bimolecular reduction of aromatic nitro compounds to yield 1,2- 
disubstituted hydrazines is a classical reaction of considerable applicability. 
The preparation of 1,2-di(2-bromophenyl)hydrazine is a typical example of 
this reaction. 


2-10. Prep: .ation of 1,2-Di(2-bromophenyl hydrazine (34) 


a¢ \ NO, -ZA/NaOH , (? NH—NH— {) 0 
Br Br Br 


In a three-necked flask fitted with an efficient mechanical stirrer and a re= 
flux condenser is placed 20 gm (0.1 mole) of o-nitrobromobenzene and 5 ml of 
a 507, aqueous sodium hydroxide solution. The mixture is stirred at 60°C. 
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Then 15 gm (0.23 gm-atom) of zinc dust is added in very small portions at 
such a rate that the temperature is maintained between 70° and 80°C. Upon 
completion of the addition the sludge is diluted with 50 ml of water and 30 ml 
of a 20% aqueous sodium hydroxide solution. Then 20 gm (0.31 gm atom) of 
zinc is added rapidly and the mixture is stirred at 70°-80°C until it is nearly 
colorless, The cooled mixture is poured slowly with vigorous stirring into 
200 ml of a 25%, solution of sulfuric acid maintained at 10°C with a large ice 
bath. The mixture is filtered. The dry residue is extracted with three 30 ml 
portions of ether. After drying the combined ether solutions over sodium 
sulfate, the ether extract is evaporated and the residue is recrystallized from 
petroleum ether (b.p. 40°-60°C), diluted with a little benzene. Yield 10.8 gm 
(57%), m.p. 187°-198°C. 


e, OXIDATION PROCESSES 


One method of preparing tetraarylhydrazines is the bimolecular oxidation 
of amines according to the following reaction scheme. The preparation of 
1,1,2,2-tetra(4-fluoropheny)Nhydrazine is an example of this process. 


2-11. Preparation of 1,1,2,2-Tetra(4-fluorophenyl hydrazine [36] 


(O) 


(25) 


In a flask fitted with a thermometer, mechanical] stirrer, addition funnel, 
and reflux condenser and containing 6.15 gm (0.03 mole) of di(4-fluoro- 
phenyl)amine, 10 gm of anhydrous sodium sulfate, and 50 ml of purified 
acetone at 0°C is added to a solution of 1.58 gm (0.01 mole) of potassium 
permanganate in sufficient purified acetone, dropwise, while maintaining the 
reaction temperature at 0°C. After the addition has been completed, stirring 
is continued for approximately 3 hr, until the permanganate color has disap- 
peared. The reaction mixture is then filtered, the solid on the funnel is washed 
repeatedly with acetone, and the solution is combined with the filtrate. The 
filtrate is concentrated at room temperature under reduced pressure. The 
nearly colorless crystalline residue is then dissolved in cold benzene and pre- 
cipitated with petroleum ether. Yield 3.4 gm (557), m.p. 129°-130°C ec), 


3. HYDRAZONES 


The preparation of hydrazones by the reaction of hydrazine derivatives 
with carbonyl compounds is well known and extensively described in most 
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laboratory manuals. A typical procedure used in our laboratory for the pre- 
paration of benzaldehyde p-nitrophenylhydrazone [37] is given below. 


3-1. Preparation of Benzaldehyde p-Nitrophenylthydrazone [37] 
ie) 


cs bon + wunn_\-no, -MoOn 
€ Ncw nal \-no, (26) 


In a 22 liter flask, cooled in an ice bath, is placed 1000 gm (6.45 moles) of - 
p-nitrophenylhydrazine and 10 liters of methanol. This solution is stirred and 
800 gm (7.55 moles) of benzaldehyde is added dropwise while maintaining a 
temperature below 0°C in the reaction flask. After the addition of benzalde- 
hyde is completed, stirring is continued for 16 hr while the reaction flask is 
allowed to warm up to room temperature. The product is then filtered off and 
freed of excess benzaldehyde by repeated washing with cold methanol. After 
drying, the product may be recrystallized from ethanol. Yield 1484 gm (94%), 
m.p. 195°C. 

A procedure using essentially the same approach but using a small amount 
of glacial acetic acid as a catalyst for the reaction has also been reported [38]. 

An example (Procedure 2-9) of the preparation of an acyl hydrazone froma 
hydrazide has already been given [35]. 

The reaction of hydrazine with carbonyl compounds frequently leads to the 
formation of azines, if an excess of carbonyl starting material is present. 
However, with an excess of hydrazine the simple hydrazone can be prepared 
[24]. 


4. HYDRAZIDES 


The preparation of hydrazides by interaction of esters and hydrazine hy- 
drate is quite straightforward and proceeds in good yields. In many cases, 
simple addition of hydrazine hydrate to the liquid esters suffices to cause the 
precipitation of the hydrazide [39]. If the esters are insoluble or solids, a more 
prolonged treatment is required usually in the presence of an alcohol, as in 
the preparation of terephthalic hydrazide given below. 


4-1. Preparation of Terephthalic Dikydrazide [37, 40] 

For convenient handling, a quantity of dimethyl terephthalate is pulverized 
in a blender. In a flask, 232.8 gm (1.2 moles) of dimethyl terephthalate is slur- 
ried with 2760 ml of methanol. To this reaction mixture is added a solution of 
504 gm (8.4 moles) hydrazine hydrate (85%) in 240 ml of methanol. The 
composition is stirred for 16 hr at room temperature. A solid product is then 
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separated by filtration. The solid is repeatedly washed with cold methanol and 
finally dried in a vacuum oven to yield 222 gm (95%), m.p. over 330°C. 


q 
C—OCH, &_NHNH, 
+ 2.NH,NH,-H,O —> O + 2CH,OH +2H,0 (27 


: (ade iia 


A variety of other acid derivatives such as acid chlorides [42] or amides 
[43] may also be used for the preparation of hydrazides. With acid chlorides 
the diacyl hydrazine is frequently formed [24, 32]. Consequently the use of an 
ester is generally preferable. The reaction of esters and hydrazines can also be 
extended to the preparation of polyacrylic hydrazide using polymethyl 
acrylate as a starting material. 

Since methyl acrylate is difficult to polymerize without some cross-linking, 
the usual products isolated are somewhat cross-linked. Even the hydrazides 
prepared from a modest molecular weight polymer of methyl acrylate,which 
is not cross-linked, tend to cross-link on standing. The preparation below is 
an example of the preparation of a polymeric hydrazide, 


4-2. Polyacrylic, Hydrazides 41] 


oe” + NH,NH,-H,0 —> 
CO,CHs], 
—CH;—CH + CH,OH + H,O (28) 
CONHNH, }, 


In an Erlenmeyer flask, 5 gm of polymethyl acrylate (molecular weight 
approx. 80,000), which has been pulverized, and 50 gm of hydrazine hydrate 
are warmed on a water bath until a homogeneous solution is formed. To this 
solution is added 500 ml of methanol containing 1 ml of glacial acetic acid. 
The product thereupon precipitates. 

To purify the product, the polyacrylic hydrazide is dissolved in 50 ml of 
water and again precipitated with methanol. This procedure is repeated 
several times. The product is finally dried in a vacuum desiccator over sulfuric 
acid at room temperature, The product is stored in the cold in a vacuum desic- 
cator with the exclusion of light. The stability ofthis polymer, as a non-cross- 
linked raw material, is poor. In general, this preparation must be carried out 
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quite rapidly, with a minimum amount of exposure to heat during the pre- 
paration, and with a minimum exposure to methanol. 

The general procedure of hydrazide preparation from esters has been 
extended to the amino acid series, where it is used as a means of protecting 
carboxylic acids in peptide syntheses [45]. 


5. MISCELLANEOUS PREPARATIONS 


(1) Rearrangement of 2,3-dihydro-1,2-diazepin-4-ol to furfurylhydrazine 
[46}. 


CoHs CH CH; 


NH 
< : 
oH — 
ie "Lasaaces (29) 
Hy ey 


(2) Hydrazines by — of hydrazides or substituted carbazates [47]. 


I b HoAc 
C—CH,CH,—C. + NH,NHC—OC(CH;)3 ——— 


\ 


OVI \ a \ (30) 


= <i 
ON = BEUMSOH O* \. a (3) 


NHCOCICH), 


(3) Hydrazines by hydrolysis of diaziridines obtained from azomethincs 
(Schiff bases) [48]. 


Cts H,C—CH, 
‘C=N-CH CH, SHC, 


CHs HC —CH, H,C—CH, 
aN fy oN H,O/oxalic acid 7 
pp ot CH, —————~ H.C SHONH_NH, (32) 


CHy NH H,C—CH, H,C—CH, 
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(4) Preparation of 1,2-bis[hydroxybis(alkoxycarbonyl)methyl]hydrazine 
from dimethyl mesoxalate [49] (reaction said to be specific for the methyl 
ester). 


£ - | 
CH,oc CHOC) =NH-NH —_C_OCH, 
2 Now0 + NHANH, HOAs, Nf » 
cro” croc Non Ot \c—octs 
§ ) 8 gy 


(5) Reduction with Mgl, and [, of azo, azoxy, and nitroso aromatic com- 
pounds to 1,2-diarylhydrazinc [50]. 

(6) Preparation of 1,2-diarylhydrazines (a) by electrolysis of nitrobenzene 
in an alkaline emulsion in the presence of water-insoluble organic solvents to 
prevent coating of the cathode by the product [51]: (b) by hydrogenation ona 
nickel or platinum catalyst in the presence of pyridine [52]; (c) by reduction of 
azoxy-o-anisole with sodium hydroxide and Raney nickel and formalin in 
methanol solution [53]. 

(7) Preparation of tetrasubstituted hydrazines from symmetrical tetrazines 
[54]. 


CH, fe) fe) 
\ I _d 
rN + 2 CoHyO—C—N=N—C—OC2Hs —> 
CHa 
CH, CH, fe) 
\, / ll Ii 
ogee + 2 CsHsO0C—-NHNH—C---OC,Hs (34) 
CH, ‘CHa 
CHa CHs CHs CHs 
? 120-140 CS, / 
N--N=:N--N ——> (NN + Na G5) 
x 
cus CHs cH: = “CH. 


(8) Hydrazone formation by addition of diazonium salts to active methy- 
lene compounds (Japp-Klingemann reactions) [55, 56}. 


9 L ten 
2.H 
oH C-OGHs pa! (36) 


R 
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(9) Hydrazone formation by exchange of pee function [57]. 


cl CHs 
Nee Xe aa a -N—NH 


G7) 


(10) Preparation of 1-substituted hydrazides by addition of sodamide to 
N-chloroacetanilides [58]. 


0 
i : 
( \xton, + NaNH, ——> N-NH, (38) 


cl 
Hy 


(11) Preparation of azines and dihydrazides from malonic ester derivatives 
[59]. 
‘OzCaHs 
(CH,),N- mf + NH,NH,-H,0 ——> 


\ 
i ‘C0.CaHs 


aa a NON neg N(CH) + 


if i 
NH,NH--C—CH,--C—NHNH, (39) 


(12) Preparation of cyanoethylated hydrazines [5]. 
R R. CHaCH.CN 


\ 
\NoNH, + CHa==CHCN —> =—N--N’ (40) 


RY Rr Na 


(13) Preparation of isomeric bis(organosilyl)hydrazines [60]. 
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1. INTRODUCTION 


Although aliphatic diazo compounds and aromatic diazonium compounds 
do not resemble each other significantly in chemical behavior, electronic 
structure, or end uses, these two classes are treated together here because of 
space limitations. A number of reviews on the aliphatic diazo compounds have 
appeared from time to time (for representative references, see [1—6]). The 
chemistry, properties, and uses of aromatic diazonium compounds have 
been reviewed extensively (references [7-11] are representative of these). 

The preparation of diazo hydrocarbons is generally carried out by the 
alkaline decomposition of N-nitroso-N-alkyl derivatives such as the N- 
nitroso derivatives of amides, sulfonamides, urethanes, ureas, nitroguanidines, 
and aminoisobutyl ketones. Of these, the decompositions of N-alkyl-N- 
nitroso-p-toluenesulfonamide and of bis(N-methyl-N-nitroso)terephthalamide 
are the most convenient laboratory methods for the preparation of diazo- 
methane. 

Also of interest in the preparation of diazoalkanes are the diazotization of 
primary amines with activating substituents in the «-position and the oxida- 
tion of hydrazones. 

Diazo ketones are usually prepared by reaction of acyl halides with diazo- 
alkanes. However, recently a method which does not involve the use of a 
diazoalkane has been reported. In this procedure, phenacy] halide derivatives 
are converted with hydrazine in alcoholic solution at 60°C to 2-phenyl- 
glyoxal monohydrazones which are oxidized at 20°C in chloroform solution 
to benzoyldiazomethane derivatives [1 1a}. 

Aromatic diazonium salts are generally prepared by diazotization of aro- 
matic amines in aqueous systems with nitrous acid. In nonaqueous systems, 
diazotizations have been carried out with isoamy] nitrite. 


2. DIAZO HYDROCARBONS 


The aliphatic diazo compounds find application as intermediates in a 
variety of organic reactions such as the Arndt-Eistert synthesis. Because 
several explosions have been reported in the preparation of such materials as 
diazomethane, great care must be taken during the preparation of all diazo 
compounds and the isolation of the pure compounds should normally be 
avoided. The scale of reaction should be kept small and extreme precautions 
against explosion hazards must be taken. Furthermore, diazomethane and 
presumably many other diazo compounds as well as many of the intermediates 
used in the preparation of diazo compounds are toxic. Some of the products 
used as intermediates may initially cause sensitization so that upon further 
contact severe physiological reactions may take place. 
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In the preparations involving the use of aliphatic diazo compounds, due 
caution must be exercised in the transfer of the diazoalkane solution to 
subsequent reaction systems and in the isolation of the final product. Par- 
ticular attention must also be paid to the disposal of by-products, to the 
handling of: residues in the reaction flasks, and to traces of diazo compounds 
in the apparatus, Extensive notes on safety and health considerations for 
handling of diazomethane are given in Gutsche [6], Moore and Reed [12], 
and De Boer and Backer [14]. The recommendations made for diazo- 
methane should be applied to all the diazoalkanes, and related compounds. 
To be kept in mind are the following points: 


(1) The starting materials, particularly the N-nitroso derivatives used as 
starting materials, may be toxic, may cause skin irritations and other serious 
allergic reactions on contact, and therefore protection against contact, 
inhalation, and spillage must be provided. 

(2) The diazo compounds may be both toxic and explosive; therefore, 
hoods and other provision for protection against explosive hazards must be 
provided, such as heavy shields, heavy gloves, protective goggles, and helmets. 

(3) The explosions due to diazo compounds may be initiated by a variety of 
factors such as exposure to sunlight or other strong light, contact with sharp 
edges, corners, ground surfaces, chipped glass surfaces, sticks of: potassium 
hydroxide, crystalline side products. For this reason it is generally re- 
commended that ground glass equipment not be used but only clean, new 
glassware be used. 


The early directions for the preparation of diazo compounds used to call 
for shaking the intermediates with alkalies by hand. In view of the explosion 
hazards involved, Moore and Reed [12] recommend that Teflon-coated 
magnetic stirrers be used instead. 


A. Decomposition of N-Nitroso Compounds with Alkalies 

The base-catalyzed decompositions of a large variety of: N-nitroso com- 
pounds to aliphatic diazo compounds are well known. Primary emphasis has 
been on methods for the generation of:diazomethane, A number of these will 
be mentioned below. The methods which are of particular current interest will 
be mentioned first, followed by methods which may find occasional applica- 
tion, particularly in the preparation of the higher diazoalkanes. 


a. DECOMPOSITION OF N-ALKYL-N-NITROSO-p-TOLUENESULFONAMIDE [14-17] 


The method of DeBoer and Backer makes the use of N-methyl-N-nitroso- 
p-toluenesulfonamide as the source of'diazomethane. The starting material is 
available from suppliers of:specialty organic chemicals, it is reasonably stable 
at room temperature, and it seems to give fewer allergic reactions than some 
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of the other nitroso compounds used in the preparation of diazomethane. 
It is believed to be virtually noncarcinogenic [17a]. 


2-1. Preparation of Diazomethane {14-16] 


nc{_\-son—cn, + ROH KOH CHAN, +nc-{_\-soor- H,0 


NO a 


Ina hood, behind adequate shielding, the following apparatus is assembled: 
a 100 ml or 125 mi distillation flask fitted with a long stem funnel, and con- 
nected to a condenser set downward for distillation. The flask is placed in a 
heatable water bath and provisions are made for stirring the flask contents 
with a Teflon-coated magnetic stirrer bar. The condenser is connected with an 
adapter to a 500 ml Erlenmeyer flask which in turn is connected to a 100 ml 
Erlenmeyer flask containing 40 ml of ether. The inlet tube of the second flask 
is arranged to dip below the surface of the ether. (NOTE: All glass tubing 
must be fire-polished.) Both receivers are cooled to —5°C. 

To the distilling flask are added a solution of 6 gm of potassium hydroxide 
in 10 ml of water, 35 ml of Carbitol, and 10 ml of ether. In the addition funnel 
is placed a solution of 21.5 gm (0.1 mole) of N-methyl-N-nitroso-p-toluene- 
sulfonamide in approximately 125 ml of ether. The stirrer is started, and the 
flask content is heated with the water bath at 70°-75°C. 

As soon as the ether starts to condense in the first flask, the addition funnel 
stopcock is opened and the N-methyl-N-nitroso-p-toluene-sulfonamide is 
added over a 15 min period. When the addition of nitrosamide solution has 
been completed, more ether is gradually added through the dropping funnel 
until the distillate is colorless (50-100 ml). The combined distillate contains 
approximately 3 gm of diazomethane (approx. 70%,). 


This procedure has been extended to the preparation of other diazomethane 
derivatives such as phenyldiazomethane [17]. In this reaction, N-benzyl-p- 
toluenesulfonamide is prepared by a conventional Schotten-Baumann type 
reaction followed by nitrosation and decomposition with sodium methylate. 


2-2. Preparation of Phenyldiazomethane (17| 

In a hood, in a three-necked flask equipped with stirrer, thermometer, and 
an addition funnel, a solution of 10.5 gm (0.04 mole) of N-benzyl-p-toluene- 
sulfonamide in 50 ml of glacial acetic acid and 200 ml of acetic anhydride is 
cooled to 5°C and 60 gm (0.85 mole) of granulated sodium nitrite is added 
portionwise while maintaining a temperature below 10°C at all times (approx. 
6 hr), The green reaction mixture is then stirred overnight. It is then poured 
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into a large quantity of ice water with rapid stirring. The reaction mixture is 
cooled in an ice bath for 1 hr. The resulting pale yellow precipitate is filtered, 
washed thoroughly with water, and dried under reduced pressure. 

The yield after recrystallization from ethanol is 9.4 gm (81°) of N-nitroso- 
N-benzyl-p-toluenesulfonamide, m.p. 90°-92°C, 

With due precautions against explosion hazards, in an apparatus equipped 
with a Teflon-coated magnetic stirrer, a reflux condenser topped with a drying 
tube, a mixture of 1.35 gm (0.025 mole) of sodium methoxide 5 ml of metha- 
nol, and 30 ml of ether is rapidly stirred. To this is added gradually 7.25 gm 
(0.025 mole) of N-nitroso-N-benzyl-p-toluenesulfonamide over a | hr period. 
The mixture is then stirred under cautious reflux for 15 to 20 min. After cool- 
ing the mixture, 50 ml of water is added to dissolve the saits and the aqueous 
layer then is separated, due precautions being taken to decontaminate the 
water layer prior to discarding it. The ether solution of phenyldiazomethane 
is washed three times with additional portions of water and dried over an- 
hydrous sodium sulfate. The solution is of sufficient purity for most synthetic 
purposes. The yield of phenyldiazomethane may be estimated by conventional 
methods for analyzing aliphatic diazo compounds such as titration with 
organic solutions of benzoic acid. Yield is approximately 60°7,. 


nc{_\ so. + nrcu( \ Prridine, 
H,C- ¢ \\~-so.Ni cn \ (2) 
{Preparation not described) 

AQ 

we-C_\-sonnce / ‘\ Sa 

—. NaNO, 
“OaterOe 

i a 


NO 


we \-so_n—cH { SON, C S-cun, (4) 
= No 
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b. DECOMPOSITION OF Bis(N-METHYL+N-NITROSO)TEREPHTHALAMIDE TO YIELD 
DIAZOMETHANE [12] 

One of the most recent methods of preparing diazomethane uses bis(N- 
methyl-N-nitroso)terephthalamide, according to Eq. (5) [12, 13]. 

While Gutsche and Kinoshita [13] make mention of the preparation of 
diazomethane by this procedure, detailed directions are given by Moore and 
Reed [12]. In connection with this procedure, recent directions indicate that 
the decomposition should be carried out with ether containing 3.57, ethanol, 
such as U.S.P. ether, rather than anhydrous ether to reduce frothing and 
foaming [1 7b]. 

Bis(N-methyl-N-nitroso)terephthalate is available as a 70%, solution in 
mineral oil from the Explosives Department of the E. I. du Pont de Nemours 
and Company, Inc., Gibbstown, New Jersey, under the trade name EXR-IO1. 


2-3. Preparation of Diazomethane [12] 


? t 

i i 

cunt { \ nen +2NaOH —> 
| 1 
NO NO 


2cHn, + Na0,.c~ \.co,na +2 H,O (5) 


With safety precautions previously indicated, in a hood, a 5 liter round- 
bottomed flask is fitted with a rubber stopper and gooseneck to a long con- 
denser. The condenser is connected through a two-hole rubber stopper to 
a 5 liter round-bottomed receiving flask by means of an adapter to which a 
length of 9 mm tubing has been sealed to permit collection of distillate under 
the surface of approximately 200 ml of anhydrous ether placed in the receiver. 
The vent hole of the receiver is protected with a drying tube. The receiving 
flask is cooled in a salt—ice mixture. 

In the reaction flask is placed a mixture of 450 mi of Carbitol, 3 liters of 
ether (U.S.P. grade), and 600 ml of a 30% aqueous solution of sodium 
hydroxide. 

This mixture is thoroughly cooled in an ice~salt bath to 0°C or lower. Then 
180 gm (0.5 mole) of a 70%, solution of bis(N-methyl-N-nitroso)terephthal- 
amide in mineral oil is added all at once, The condensing and receiving system 
is connected to the flask immediately, the outside of the flask is carefully 
dried and then surrounded with a heating mantle, while the receiving flask 
continues to be cooled. The yellow color of diazomethane is observed almost 
immediately. Distillation of ether and diazomethane proceeds at a rate of 
approximately I liter per hour. After approximately 2 hr, the distillate is 
virtually colorless. The distillate contains between 15 and 18 gm of diazo- 
methane (76-867,). 


| 
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c. DECOMPOSITION OF N-ALKYL-N-NITROSOACYL AMIDES 


The molecular weights of both the bis(N-methyl-N-dinitroso)terephthal- 
amide and the N-methyl-N-nitroso-p-toluenesulfonamides are quite high, 
considering the low molecular weight of diazomethane derived from them. 
Therefore considerable interest exists in preparing diazomethane from low 
molecular weight starting materials. The alkaline decomposition of N- 
methyl-N-nitrosoacetamide has been described [18, 19], and may be of some 
value for generation of diazomethane in situ. However, this compound, as 
well as its formamide analog, has a very strong irritating effect on the mucous 
membranes. 

It has been shown that the N-N’-dialkyl-N,N’-dinitrosooxamides are suit- 
able from the standpoint of molecular Weight and may be decomposed to 
diazoalkanes. These N-nitroso compounds are said to be relatively stable and 
readily prepared by nitrosation of the corresponding N,N’-dialkyloxamide 
with nitrogen dioxide in carbon tetrachloride solution. The preparation of: 
diazoethane is an example of this reaction [20]. 


2-4. Preparation of Diazoethane [20] 


Cats —N—C--CON-— Cate DOR, 2 CHsCHN: + 2 ROC—COR + 20H" (6) 
hod 4 NO 

Using safety precautions similar to those described above, in an apparatus 
equipped with a thermometer, addition funnel, and distillation connections 
typical of diazomethane preparation, to 100 ml of butanol, rapidly stirred 
with a Teflon-coated magnetic stirrer, is added 3 gm (0.13 gm/atom) of sodium. 
The reaction mixture is heated to 60°C to effect solution. At this temperature, 
10.2 gm (0.05 mole) of N,N‘-diethyl-N,N'-dinitrosooxamide in 250 ml of 
ether is added over a period of approximately 20 min. The rate of.addition is 
controlled by the rate at which the mixture of ether and diazoethane distills 
from the reaction mixture. After addition has been completed, a small 
amount of additional ether is added to the reaction flask and distillation is 
continued until the distillate is colorless. The ether-diazoethane distillate is 
collected in a flask cooled to —30°C, Yield 2.9 gm of diazoethane in ether 
solution (51%, of theory). This reaction has been carried out for the prepara- 
tion of diazoethane, diazomethane, diazopropane, and diazobutane [20]. 
If desired, conditions may be modified somewhat to distill only the diazo- 
alkalines. For example, this may be accomplished by use of higher boiling 
reaction solvents such as Cellosolve, if the explosion hazard is not too high. 


d. DecoMPosiTION OF N-NiTROSO-N-ALKYLURETHANES 


A method originally developed by H. von Pechmann for the preparation of 
diazoalkanes makes use of the decomposition of: N-nitroso-N-alkylurethane 
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in an alkaline medium. Unfortunately some of the starting materials decom- 
pose spontaneously and also may exhibit strong physiological effects on the 
skin and mucous membranes. As a matter of fact, since N-nitrosomethylur- 
ethane is a potent carcinogen, all homologs should be considered suspect and 
this method of preparation should be replaced whenever possible by reactions 
involving safer reagents [17a]. A typical example for the preparation of 
diazomethane from N-nitrosomethylurethane according to Eq. (7) is given by 
McPhee and Klingsberg [21]. 


CH,;—N—-COOC:H; + 2 KOH —> CH2Nz + K2CO, + CzHsOH + H2O0 (7) 
NO 


This method may be used for the preparation of higher diazohydrocarbons 
such as diazoethane, the diazopropanes, diazobutane [21a], and 1,2-diphenyl- 
cyclopropenyldiazomethane [21b]. A procedure representative of the method 
is given here. 


2.5. Preparation of Diazoethane [21a] 
Sie CO:CaHs + 2 KOH —> C2HsN2 + K.CO, + C2H;OH + HO (8) 
NO 


In a hood, with suitable safety precautions, a 1 liter three-necked flask is 
equipped with an addition funnel, mechanical stirrer, and a gooseneck leading 
to a condenser set downward for distillation. The receiver is arranged much 
as described for the preparation of diazomethane above except that a 500 ml 
filter flask containing some ether is considered adequate for this preparation. 
The receiver is chilled in a salt-ice bath. 

In the three-necked flask is placed 100 ml of anhydrous ether and a solution 
of 25 gm (0.45 mole) of potassium hydroxide in 100 ml of #-propanol. The 
Solution is warmed on a water bath until the ether begins to distill. Then, 
while the waterbath is held at 50°C, from the addition funnel a solution of 
25 gm (0.17 mole) of N-ethyl-N-nitrosourethane in 75 ml of anhydrous ether 
is added at such a rate that no serious frothing takes place (about 5 min). 
After the addition has been completed, anhydrous ether is added and distilled 
until the distillate is colorless. A total of approximately 400 ml of a deep 
orange solution is obtained. Yield approximately 75% of the theoretical 
amount of diazoethane. 


e, DECOMPOSITION OF N-ALKYL-N-NITROSOUREAS 

Another method for the preparation of diazoalkanes involves the de- 
composition of N-alkyl-N-nitrosoureas [Eq. (9)} [22]. 

This method is of particular interest for i situ evolution of diazoalkanes. 
Recently, it has also been used for the preparation of 1-diazopropane [23]. 
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° 
i 
CHsN-—-C--NHz + KOH —> CH.N2 + KCNO + 2H,O (9) 
NO 


2-6. Preparation of Diazopropane |23]| 


fe) 
| 
CHLCHACHAN—C—NH, + KOH —> CHsCHsCHNy + KCNO + 2 H.0 (10) 
NO 


Using safety precautions as indicated at the beginning of this chapter, 
1,0 gm (0.0076 mole) of N-nitroso-N-|-propylurea is added during 2 min toa 
mixture of 10 ml of anhydrous ether and 3 ml of 40°, (0.021 mole) potassium 
hydroxide at 0°C. After standing at 0°C for 30 min, the ether layer is decanted 
onto potassium hydroxide pellets. After drying for 2 hr at 0°C, the solution is 
filtered and used. By titration with benzoic acid the yield is estimated at 52% 
of 1-diazopropane. 

The decomposition of N-nitroso-N-(2,2-diphenylcyclopropyl)urea at 0°C 
with lithium ethoxide in ether at 0°C afforded 1,1-diphenylallene, the de- 
composition product of 2,2-diphenyldiazocyclopropane, lithium 2,2-diphenyl- 
cyclopropyldiazotate, and lithium cyanate [23a]. These products have led to 
the proposal of a new mechanism of this decomposition. 


f. DECOMPOSITION OF 1-ALKYL~-1-NITROSO-3-NITROGUANIDINE 


Decomposition of |-alkyl-1-nitroso-3-nitroguanidine to the diazoalkanes 
according to Eq. (9) has been reported [24]. 
NH oy- 


& OH- o 
NO,—NH—C —-» RCHN, + H,0 + Ne (i) 


eaiae ce) 
NO 


While this procedure lends itself to the usual technique of isolating the diazo- 
alkanes up to diazo-n-butane by co-distillation with ether, the higher diazo- 
hydrocarbons may also be isolated by a somewhat simpler technique, as 
illustrated below. 


2-7. Preparation of Diazo-n-pentane [24] 

All of the glassware in the following procedure is cooled to 0° to —4°C 
prior to use, and reactions are carried out with the safety precautions as out- 
lined in previous sections of this chapter. 

To a solution of 22.4 gm (0.4 mole) of potassium hydroxide in 22.4 ml of 
water and layered with 250 ml of freshly distilled ether, cooled to —4°C, is 
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added portionwise over a 5 to 7 min period, 20.3 gm (0.1 mole) of 1-nitroso-1- 
pentyl-3-nitroguanidine, with vigorous stirring by a Teffon-coated stirrer. 
The solid co-product is filtered off and the ether layer is separated in a separa- 
tory funnel. 

The ether layer is washed twice with 200 ml portions of water and dried 
over potassium hydroxide pellets. The yields of product, determined on the 
moist ether solution, were between 56%, and 58%. 

The solid co-product may explode when treated above its melting point and 
should, therefore, be disposed of promptly and safely. 


NH 
y 
NO.—NH—C + KOH —> 

N—CH.C,Hy 

NO 
rat 

C.sHoCHN, + H2O0 + N=C—N=N_ K* (12) 
NX 
0. 


g. DECOMPOSITION OF N-NITROSO-8-ALKYLAMINOISOBUTYL KETONES 


The nitrosation ofi secondary amines derived from the reaction of mesityl 
oxide with a primary amine is considered one of the more general methods for 
the preparation of diazoalkanes [25]. 

A typical reaction using the procedure is outlined in Eqs. (13}{15). 


° CH =O 
cu,—c—cu—t_cu, + RCH.NH, —> RcH,NH-G_cH,-¢-cH, (13) 
du, ny 
CHy ° CHs Oo 
R—CH,NH—¢—cH,——cH 28, R—-cHy-N—C—cHy__cH, (14) 
ent, NOCH, 
cH, oO 
R—CHy-N—C—cH,L_cH, or 
NOCH, 
CH =O 


| | 
RCHN; + ne—cu.—-b-cuy +H,0 (15) 
Hs 
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Generally this reaction does not afford high yields in the case of heptyl and 
octylamine derivatives and fails for cyclobutylamine and cyclobutylmethyl- 
amine although it is considered a fairly general reaction procedure [26]. 


B. Diazotization of Primary Aliphatic Amines with Activating Substituents in 
the «-Position 

A method, attributed to Curtius, for the preparation of diazo compounds 
from primary amines with keto, cyano, sulfonic acid, trifluoromethyl, and 
ethyl carboxy groups in the a-position involves direct diazotization. Since 
diazo compounds are generally unstable in the presence of strong mineral 
acids, procedures are usually carried out in a way so as to separate the diazo 
compounds from aqueous acidic media as they are formed. Traditionally the 
reactions are carried out in an ether suspension [27], although a more recent 
preparation of ethyl «-diazoacetate [28] recommends the use of methylene 
chloride as the reaction solvent which protects diazoacetic ester from decom- 
position by mineral acids. Equation (16) outlines the general reaction scheme: 
0 


i Ether 
HCl. NHaCHaC—OC;H, + NaNO, 


or CH,Cly 
a! 


nicHl—ocss +NaCl+2H,O (16) 
As always in dealing with diazo compounds, the potential hazards of explo- 
sions and toxicity are to be kept in mind. The reaction product should be 
maintained at ice or Dry Ice temperatures, The methods of Organic Syntheses 
[27, 28] may be applied to a variety of esters of the «-amino acids. Particular 
care must be used in handling the methyl esters since some evidently detonate 
with extreme violence on heating. 
A recent example of the diazotization reaction is given here. 


2-8. Preparation of 1,1,1-Trifluoro-2-diazopropane |29] 
CF;—CHNH2- HC] + NaNO, —» CF,;—CN, + NaCl + 2H,0 a7 
CHa CH, 

To a suitable apparatus (as indicated for previous preparations), containing 
14.9 gm (0.10 mole) of |-methyl-2,2,2-trifluoroethylamine hydrochloride, 
cooled to 0°C, is added a solution of 6.9 gm (0.10 mole) of sodium nitrite in 
100 ml of water and 50 ml of ether. The mixture is vigorously stirred with a 
magnetic stirrer for 15 min at 0°C. The yellow organic layer which forms is 
separated by siphoning. The aqueous layer is repeatedly extracted with ether 
until it is colorless, The combined ether extracts are washed with cold 5%, 
sodium carbonate solution in water and then dried with anhydrous sodium 
sulfate. The product solution should be stored at 0°C to reduce detonation 
hazards. 
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C. Oxidation of Hydrazones 


The oxidation of hydrazones to diazoalkanes was suggested by Curtius in 
1891 and was applied to the preparation of diazopropane by Staudinger and 
Gaule [30]. Since then, some controversy has arisen as to the efficiency of the 
original procedure, consequently a variety of reaction conditions, oxidizing 
agents, etc., have been suggested. A recent publication [31] indicates that the 
oxidation proceeds smoothly at low temperatures using the traditional yellow 
mercuric oxide provided that basic reaction conditions are maintained and 
that the reaction products are separated as rapidly as possible from mercury- 
containing co-products and unused yellow mercuric oxide. The preparation 
of diphenylketene in Chapter 8 utilizes the mercuric oxide oxidation of 
benzylmonohydrazone. The intermediate diazo compound is not isolated but 
is thermally decomposed to the ketene. 

The preparation of 2-diazopropane is an example of the procedure. 


2-9. Preparation of 2-Diazopropane |31)] 


CHa Qs 
C=NNH, + HgO —> Pate + HO + Hg (18) 
CHa CH; 


In a suitable reaction flask containing an efficient Teflon-coated magnetic 
stirrer are placed 120 gm (1.33 moles) of yellow mercuric oxide, 350 ml of 
anhydrous ether, and 9 ml of a 3N ethanolic potassium hydroxide solution. 
The mixture was maintained at 0°C by external cooling while a solution of 
30 gm (0.42 mole) of freshly distilled acetone hydrazone in 100 ml of dry ether 
cooled to 0°C is added as rapidly as the vigor of the reaction will permit 
(approximately 5 min). Stirring is continued at the ice temperature for another 
5 min, during which time the concentration of the product reaches a maxi- 
mum. 

Throughout the following operations, the temperature is maintained at 
O°C. The reaction mixture is filtered rapidly through a cotton plug into a 
receiver containing 200 gm of anhydrous potassium hydroxide pellets. The 
residue on top of the filter is washed repeatedly with ether and the ether 
washes are combined with the filtrate solution. After 10 min the solution is 
refiltered into another receiver containing potassium hydroxide to give a 
usable solution of 2-diazopropane. 

If desired the product may be flash-distilled at —20°C at a pressure of 
10 mm of mercury using a Dry Ice condenser. The original ether solution 
does contain soluble acetone azine and mercury compounds which gradually 
precipitate as the 2-diazopropane solution is distilled. 
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Older procedures frequently incorporated anhydrous sodium sulfate in the 
reaction mixture to maintain anhydrous conditions during this oxidation 
(see, for example, [29, 32]). It would appear that the basic catalyst contributes 
more to efficient reaction than a drying agent. 

The use of petroleum ether (boiling range 30°-60°C) instead of ether is said 
to facilitate separation of by-products such as ketazines. 

A typical preparation has been described [33]. The directions may very well 
be made safer by the use of a magnetic stirrer, and the addition of catalytic 
amounts of alcoholic potassium hydroxide may also be useful. 

The use of silver oxide as an oxidizing agent in tetrahydrofuran has been 
described [34]. 

Lead tetraacetate has also been used [35, 35a] as an oxidizing agent. The 
latter reference refers to the preparation of perfiuoroalkyldiazomethanes. 
Manganese dioxide has also been suggested [36]. 


3. DIAZO KETONES 


The interaction of diazoalkanes with acid halides to give diazo ketones is 
well known as the first phase in the Arndt—Eistert synthesis [3, 21a]. In this 
procedure, an acyl halide is added to an exccss of diazomcthanc so that the 
hydrogen halide formed in the course of the reaction can react with the excess 
of diazomethane to yield halomethane, which does not interfere with the 
subsequent course of the reaction. If the order is reversed, the hydrogen halide 
reacts with the diazoketones to give halogenated ketones, which is un- 
desirable. Tertiary amines are sometimes used as scavengers for hydrogen 
halide. A variety of acyl halides may be used in the preparation of diazo 
ketones, including acid chlorides of olefinic acids [36a]. 

Whereas most examples of diazo ketone synthesis use acid chlorides, 
interestingly enough quite recently formyl fluoride has been used to prepare 
2-diazoacetaldehydes [37] according to the following reaction: 


“DO 


Le) 
| I 
Her + 2CHgNe ~ >» N2zCHC—H + CHaF + Ne (19) 


A recent example drawn from steroid chemistry is the preparation of 3-f- 
acetoxy-16-£-diazoacetylisopregn-5-en-20-one [38]. 


3-1. Preparation of 3-B-Acetoxy-16-B-diazoacetylisopregn-5-en-20-one [38] 

To asolution of 10 gm (0.024 mole) of 3-8-acetoxyisopregn-5-en-20-one-16- 
B-carboxylic acid in 360 ml of anhydrous benzene is added 9.28 gm (0.078 
mole) of freshly distilled thionyl chloride dropwise at 0°C with agitation. 
The mixture is refluxed for 2 hr and the excess of thionyl chloride is removed 
by distillation under reduced pressure. Then 100 ml of benzene is added to the 
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residue and the reaction mixture is evaporated to dryness. This operation is 
repeated three times. 

The residue is finally dissolved in 100 ml of anhydrous benzene and to it is 
slowly added an ether solution of 3.3 gm (0.079 mole) of diazomethane. After 
the solution has been kept at room temperature overnight, the excess diazo- 
methane is removed by evaporation (hood). 

The residue is crystallized from a mixture of acetone and hexane. Yield 
9.4 gm, m.p. 151°-160°C. By repeated crystallization the melting point may 
be raised to 157°-158°C. 


HsC—C—0 g 
oe) 
o + 2CH.N, ——> 
cH,co” _ 
HsC—C--0 g 
C—CHN, 


9 ee + CHACL+ N, (20) 
CH,CO ae 


A recent method for the preparation of diazo ketones does not make use of 
the reaction of acyl halides with diuzoalkanes; instead it was found that at 
60°C phenacy! bromide upon reaction with hydrazine produces 2-phenyl- 
glyoxal monohydrazone, rather than phenacylhydrazine which is formed at 
0°C. The hydrazone is then oxidized in chloroform solution at approximately 
20°C with manganese dioxide to yield benzoyldiazomethane. The overall 
yield is 48%. The reaction may be represented by the following set of equa- 
tions [Ila]: 


Oo 
li I 
R--C-—CH,Br + 2NjH, —+> | R—C—CH2NHNH, | + NjHy-HBr (21) 


RL R 9 
AH o 
! ioe. | ae | fF (22) 
R—C--CH,NHNH, cy. Onn, | 
HON oy 


H |H NH 
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R te) 
\°7 ° 
L + NaH, —>R € ‘C2N—NHs + NHy (23) 
aN 
H NH 
li ? 
RC—-C=N-—-NH Mone tL CHN, (24) 


By this procedure a large variety of diazo ketones of the type 
oO 


xf \-comn, 


where X is p-ethyl, p-isopropyl, p-rert-butyl, p-cyclohexyl, p-fluoro, p-cyano, 
etc., have been prepared. 


4, AROMATIC DIAZONIUM SALTS 


a. PREPARATION OF DIAZONIUM SALT SOLUTIONS 


In normal laboratory practice, diazonium salts are used as intermediates in 
the preparation of a variety of aromatic compounds, Since many diazonium 
salts may detonate when warmed or when dry, they are usually used in the 
solution without isolation. Obviously, since diazonium compounds are used 
widely in the dye industry, dry diazonium salts of considerable stability can be 
prepared. Particularly those diazonium salts which contain electron-with- 
drawing groups may be converted to relatively stable salts. Even in those 
cases it will be well, if materials are handled with considerable care. In par- 
ticular, the compounds should be stored in a cool, dark place. Furthermore, 
since many diazonium salts are quite sensitive to ultraviolet light, preparation, 
handling, and storage in a cool, shaded area is recommended, 

In general, the most common method of preparing diazonium salts involves 
the treatment of a soluble aromatic amine salt in aqueous mineral acid at low 
temperature with sodium nitrite. In this connection it should be kept in mind 
that many aromatic amines require considerable purification prior to use 
since they are subject to air oxidation. Frequently, purification of the amine 
in the presence of traces of sodium hydrosulfite in a recrystallizing solvent is 
helpful in overcoming discolorations due to oxidation. Also to be kept in 
mind in preparing diazonium salts is the fact that the hydrochloride salts of 
many aromatic amines are more soluble at low temperatures than at high 
temperatures. 

The basic method of preparing diazonium salts such as benzenediazonium 
chloride is illustrated below. 
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4-1. Preparation of Benzenediazonium Chloride [39] 


O- Cl + NaNO, + HC] —> 
IO C14+2H,O + NaCl (25) 


In a 5 liter flask fitted with a mechanical stirrer and a dropping funnel is 
placed 1000 gm of cracked ice, 1.5 liters of water, 279 gm (3.0 moles) of ani- 
line, and 916 gm (9.0 moles) of concentrated hydrochloric acid. While stirring 
vigorously, a solution of 218 gm (3.0 moles) of 95% sodium nitrite in 215 ml 
of water is added while maintaining the reaction temperature about 0°C. If 
necessary, pieces of ice may be added to the reaction mixture from time to 
time to maintain the temperature. Toward the end ofthe addition the reaction 
mixture is checked with starch-iodide paper for excess nitrous acid. The ap- 
pearance of a blue color instantaneously indicates an excess of: nitrous acid. 

Since the usual reactions of diazonium salts do not proceed satisfactorily 
with an excess of nitrous acid present, the addition of either crystalline sul- 
famic acid or urea assists in destroying the excess nitrous acid. The purity 
even of reagent grades of sodium nitrite is sometimes questionable, making it 
difficult to weigh out an equivalent amount of the reagent for a given prepara- 
tion, It is recommended, therefore, that the diazotization be carried out with 
an excess of sodium nitrite solution on hand at the beginning of the reaction. 

While it is useful to surround the reaction flask with an ice bath during 
diazotization and storage of the diazonium salt for subsequent reactions, the 
use of ice cubes or cracked ice in the reaction flask is strongly to be recom- 
mended to minimize problems of local overheating. 


b. STABILIZED DIAZONIUM SALTS 


Many fluoroborate salts of aromatic diazonium compounds have a high 
degree of stability. A generalized preparation is cited here to indicate how 
some storable salts are prepared. 


4-2. Preparation of Aryldiazonium Fluoroborate {40} 
ArNH2 + HNOz pins ArNa*X- + 2 4:0 (26) 
ArNg*X~ + HBF, —> ArNotBF,y~ + HX 7) 


To 0.2 mole of the aromatic amine dissolved in or slurried with 10 ml of 
concentrated hydrochloric acid and 25 ml of water, cooled to 0°C in an ice- 
salt bath, 4 ml of a SN solution of sodium nitrite is added dropwise with stir- 
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ring at such a rate as to maintain the temperature between 0° and 5°C. The 
resulting diazonium chloride solution is freed of excess nitrous acid by the 
addition of small quantities of urea, Then the solution is rapidly filtered with 
suction and 5 ml of a 48%, solution of fluoroboric acid is added. The diazo- 
nium fluoroborate salt precipitates after several minutes and is separated by 
filtration, 


c. OTHER STABILIZED DiAzONIUM SALTS 


The stabilization of some diazonium salts may also be carried out by the 
addition of naphthalene-1,5-disulfonic acid or 2-naphthol-1-sulfonic acid to 
the hydrochloric salt solution produced after diazotization [41]. The usual 
procedure simply involves addition of a slurry of the acids to the diazonium 
salt solutions and, if necessary, assisting the precipitation of the product by 
the addition of sodium chloride. 

Some substituted amines may be diazotized in concentrated sulfuric acid or 
in glacial acetic acid at higher temperatures [42]. In our own laboratory we 
have even prepared 1-anthraquinonediazonium chloride at 45°-50°C as 
follows. 


4-3. Preparation of 1-Anthraquinonediazonium Chloride [43] 


PN 
Cc 
CL + NaNO, + 2HC] —> 
Cc 
| 


I 
ie) ° Na! ci- 


C. 
Cx + NaCl + 2H,O (28) 
Cc 


In a 12 liter flask, 273 gm (1.25 moles) of 1-aminoanthraquinone and 685 
ml of concentrated hydrochloric acid are mixed at 30°C. Then a solution of 
86.5 gm (1.25 moles) of sodium nitrite in 450 gm of distilled water is added 
slowly and the temperature of the reaction product is raised to 50°C. After 
diazotization has been completed, 8 liters of warm distilled water is added and 
the solution is filtered while hot. The insoluble material is washed with 500 ml 
of warm water and discarded, To the warm filtrate is added approximately 
2400 gm of sodium chloride and the solution is stirred until all of the sodium 
chloride has gone into solution. Upon cooling the 1-anthraquinone diazonium 
chloride precipitates. The product is collected by filtration and washed with 
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saturated sodium chloride solution. The product may then be air-dried. Yield 
285 gm (85.5%, of theory), melting point range 117°-118°C with violent 
explosion. 


4-4. Preparation of Poly(styrenediazonium chloride) |44] 


4 —CH—-CH, 


O + x NaNO, + 2x HC] —> 


NH, F 


+ xNaCl+2xH,0 (29) 


A 2%, solution (0.002 mole) of poly(aminostyrene) in 10 mf of 2 V hydro- 
chloric acid is cooled to between 0° and —5°C. The solution is then diazotized 
by the slow addition of 1.5 ml of 14%, (0.0038 mole) solution of sodium 
nitrite. The excess of nitrous acid is destroyed by the addition of 2 ml of a 
6%, solution (0.002 mole) of urea previously cooled to 0°C. The reaction 
mixture is maintained at 0°-5°C with stirring for about | hr, until a test with 
starch-iodide paper no longer gives a positive test for nitrous acid. This solu- 
tion may then be used to carry out reactions typical of diazonium sults. It is 
our belief that if a cross-linked poly(diaminostyrene) is used in this prepara- 
tion, diazotization would proceed on the slurry, resulting in s diazotized resin, 
which may find specialized application. 


d. DIAZOTIZATION IN NONAQUEOUS MEDIA 


{soamyl nitrite has also been used to diazotize aromatic amines [45]. By 
the use of this reagent. solutions of aromatic amines in organic solvents such 
as acetic acid, propionic acid, or higher alcohols may be diazotized [46]. 
Again, care must be taken in the isolation of diazonium salts from this reac- 
tion mixture since they may present explosion hazards. 


4-5. Preparation of N,N-Dicyclohexyléenzanude-0-diazonium Fluoroborate |45] 
NH: o No* BF,~ 


ent) + CsH,,ONO HBF. | < 250 (30) 


| 
| 
| 
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A solution of 3.0 gin (0.01 mole) of o-amino-N,N-dicyclohexylbenzamide 
and 5.4 gm (0.03 mole) of 48-50%, Muoroboric acid in 50 ml of ethanol is 
cooled below 0°C. The solution is treated with 1.30 gm (0.011 mole) of freshly 
distilled isoamyl nitrite. After 30 min. 200 ml of cold ether is added to the 
solution, which is allowed to remain at 0 C for an additional 30 min. The pre- 
cipitating product is filtered and washed with cold ether. Yield 3.2 gm (80%, of 
theory), m.p. 100 -102°C with decomposition. The solid gradually changes 
color on standing at room temperature but may be stored for approximately 
1 week under ether at 0'C without significant discoloration. 

Anhydrous diazonium salts have also been prepared by the treatment of 
Schiff bases such as benzylidence aniline with nitrogen tetroxide in ether solu- 
tion [47]. Since the precipitated product is a nitrate salt, extreme caution 
must be exercised in using this reaction, The products usually are explosive 
and sensitive to shock in the dry state. 


5. MISCELLANEOUS PREPARATIONS OF DIAZOALKANES 
(t) Internal oxidation-reduction of tosylhydrazones of ketones (Bamford— 
Stevens reaction) [48]. 


ro) 
AR + nn-nnso-(\-cm — 


“\ NOCH, 
Ar—c~N—NH—so,-¢ \—cH, _imPrFiine aren, G1) 
R — R 
(2) Internal oxidation-reduction of monotosylhydrazones of diketones [49, 
50]. 
Rr Oo 
i 
Cc, 
‘o-0+ nne-nnso{_\-ch, = 
R" Rr 9 
? 
N Sie 
Cc wnnso,{ cr, == 


ic 
oN + ci sou (32) 
—/ 
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(3) Forster reaction of «-oximinoketones with chloramine [49, 51, 52]. 


t fof 
i 
c ao Cc 
N NHCI \ 
=-NOH —2— eon N, 33 
c ce (33) 
R’ R’ 
or 
i item 
HH i 
re c=NoH ~ > R—-C—CNa (34) 
H OH- H 


(4) Alkaline cleavage of azibenzil {53]. 


i t 
OO Ole Qamm 
Na 


(5) Preparation of diazocyclopentadiene and related compounds with 
Toluenesulfonyl azide [54-57]. 


Li 
{a) a + nel \-s0n, CHL. 
Na 
CY (. wc{_\-sona (36) 


Nu 


(b) + we{ \-s0n, SGHOANH a @?) 


(6) Preparation of 9-diazo-10-anthrone and related products [58]. (NOTE: 
Because of the hazards involved in handling azides, this procedure is given for 
information only.) 


No 
CH, é 
OC Om ==O00 
Cc 
| Il 
oO 


fo) (38) 
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Ne 
CH, é 
UL - wel \-son, _CHLOK Og 
sO, 2 


G9) 


(7) Conversion of chloroform to diazomethane [59]. (Yields are said to be 
poor.) 
OH- 
CHCls + NHzNHz —-> CH;Ns (40) 


(8) Decomposition of hydroxytriazoles (60]. 


i 

AN, 
san 1 He Or =NHR ais 
‘—C——-N OH RCN, 


(9) Preparation of isodiazomethane [61]. 
1, CHaLi 


CHiNa Diyas” CHN,H (42) 
at —80°C 


(10) Preparation of cyclodiazomethanes (diazines) [62] 


a R oie R N 

Cay Niatiqniay » | Ago "A | aay 
74 Soar 7S “NS 

R sa wR NH R N 


This preparation could not be duplicated in a recent attempt [63]. 

(11) Preparation of 1-phenyl-2,2,2-trifluorodiazoethane [64]. 

(12) Transfer of diazo groups by reaction of p-toluenesulfonyl azide under 
basic conditions with active methylene groups [65]. 
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1. INTRODUCTION 


The nitration of organic compounds, particularly of aromatic compounds, 
is probably the most widely studied organic reaction both from the theoretical 
and the technological standpoint. The literature abounds with review articles, 
monographs, and research papers dealing with various aspects of the prepara- 
tion of nitro compounds. Therefore only a somewhat random selection of 
recent papers reviewing the chemistry of nitro compounds is given (see 
[I, la-Iw]). 

The reader is directed particularly to the review of Hass and Riley [1], the 
chapter by Kornblum in Organic Reactions [\c], and the book by Sir Christo- 
pher K. Ingoid which reviews the extensive researches of Hughes, Ingold and 
co-workers in the field [lu]. The present chapter is divided into two major 
sections, the first section deals with aliphatic nitro compounds and the second 
section deals with aromatic nitro compounds. Within each section direct 
nitrations are discussed first, followed by indirect methods of preparation. 

While the direct nitration of aliphatic hydrocarbons enjoys considerable 
importance in the industrial sphere, in the laboratory it has only limited value 
since complex mixtures of products are usually formed. Treatment of olefins 
with dinitrogen tetroxide may lead to dinitroparaffins and mixtures of nitro 
nitrites, The latter may be oxidized to nitro nitrates or hydrolyzed to nitro 
alcohols or thermally degraded to olefinic nitro compounds under the reaction 
conditions. With solutions of acetyl nitrate, olefins may be converted to 
acetate esters of B-nitro alcohols produced from the olefins, 

Active methylene compounds have been nitrated directly with nitric acid. 
In this synthesis one or more labile hydrogens are replaced by a nitro group. 
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Olefins may be chloronitrated with nitryl chloride. In this reaction, the 
nitro group appears to add to the olefinic carbon atom bearing the larger 
number of hydrogens. 

Under alkaline conditions, active methylene compounds have been nitrated 
with alkyl nitrates. Under the conditions of the reaction, considerable clea- 
vage of the reaction product takes place. 

Among the indirect methods of preparing aliphatic nitro compounds are 
the reaction of various alkyl halides with silver nitrite or sodium nitrite, the 
oxidation of oximes and amines with peroxytrifluoroacetic acid, and the po- 
tassium permanganate oxidation of tertiary amines (see Table 1 which details 
the classes of nitroalkanes prepared by these methods). 

Since aliphatic nitroalkanes are active methylene compounds, these may be 
used as starting materials for the preparation of more complex products by 
typical reactions of methylene compounds such as alkylations, aldol condensa- 
tions, Michael condensations, and Mannich reactions. 

Aromatic compounds are readily nitrated with nitric acid-sulfuric acid 
mixtures, acyl nitrates, nitronium tetrafluoroborate, and the oxides of nitro~ 
gen. 

Among the indirect methods of preparing aromatic nitro compounds are 
the displacement of sulfonic acid groups with nitro groups and the replace- 
ment of diazonium groups. 

By oxidation, aromatic amines and nitroso compounds may be converted 
to nitro compounds. 


2, ALIPHATIC NITRO COMPOUNDS 


With the introduction of vapor phase nitration of paraffins, the chemistry 
of aliphatic nitro compounds has become of considerable commercial 
importance. However, in the laboratory, this procedure has only limited ap- 
plicability. 

The procedures discussed here are only those which produce well-defined 
products rather than the complex mixtures normally obtained in vapor phase 
reactions, 


A. Direct Nitration 


We use the term “direct nitration” for reactions of aliphatic hydrocarbons, 
olefins, and related materials with nitric acid, oxides of nitrogen, and related 
reagents. In these reactions a proton is normally removed from the hydro- 
carbon starting material and a nitro group is introduced in its place. 

From the standpoint of laboratory preparations, the direct nitration of 
saturated hydrocarbons with nitric acid or oxides of nitrogen is not very 
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satisfactory. Both in liquid phase nitrations and in vapor phase nitrations, 
complex mixtures of products are normally formed. These products include 
not only mononitro compounds but also polynitro compounds and a large 
variety of oxidation products. Only on an industrial scale can the separation 
of the products of nitration by distillation or other techniques be carried out 
to afford useful products. Perhaps, the direct nitration of cycloparaffins 
may be of some use from a laboratory standpoint. Thus, for example, the 
vapor phase nitration of cyclohexane with nitrogen dioxide is said to afford a 
69.3%, yield of crude nitrocyclohexane [2]. In the liquid phase, a hetero- 
geneous reaction has been carried out at about 10 atm of pressure with 
cyclohexane and a 35%, solution of nitric acid to produce a 40% yield of 
nitrocyclohexane along with substantial quantities of such by-products as 
cyclohexyl and cyclohexyl nitrate, a dinitrocyclohexane, nitrocyclohexenc, 
and other nitrated products. Also found in the product mixture were 
quantities of dicarboxylic acids such as adipic acid, glutaric acid, and succinic 
acid [3]. 


a. NITRATION WITH DINITROGEN TETROXIDE 


The direct nitration of olefins with dinitrogen tetroxides has been investi- 
gated in some detail [4]. The first products of reaction appear to be dinitro- 
paraffins and a mixture of nitro nitrites. The latter products may be oxidized 
to the nitro nitrates in the course of the reaction, or upon subsequent hydro- 
lysis these may be converted to nitro alcohols. Evidently difficulties in 
obtaining reproducible results in these reactions are overcome by the use of 
purified dinitrogen tetroxide. The reaction is carried out in the liquid phase. 
Solvents are used which are said to have a profound influence on the details 
of the reaction. Thus solvents such as diethyl ether, dioxane, ethyl acetate, 
and other esters appear to moderate the oxidizing action of dinitrogen 
tetroxide and permit the formation of: the dinitro and nitro-nitrite products 
normally expected. Since the possibility exists of some dinitrogen tetroxide 
being reduced to the trioxide in the course of the reaction, which leads to 
more complex reaction mixtures, oxygen is often introduced into the reaction 
system to afford control over the nitrating agent. Naturally this may occasion- 
ally lead to some difficulties. For example, in the nitration ofisobutylene, the 
introduction of additional oxygen leads to the formation of: considerable 
amounts of nitro-nitrate compounds which makes the separation of 1,2- 
nitroisobutane by crystallization difficult. 

Purification of dinitrogen tetroxide is carried out by cautious fractional 
distillation of crude liquid dinitrogen tetroxide in an oxygen stream at 30°C. 
During this distillation the lower oxides are separated. Nitric acid spray and 
moisture is removed from the vapor by passing the distillate through silica 
gel and through phosphorus pentoxide. The pure substance is condensed in a 
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receiver to a clear white solid at — 70°C. The receivers, as well as the rest of 
the distillation equipment, should have their outlets fitted with phosphorus 
pentoxide and calcium chloride drying tubes to prevent contamination by 
atmospheric moisture. Liquid dinitrogen tetroxide may be stored at room 
temperature in closed pressure bottles of stainless steel. 

The organic nitro compounds may be explosive and suitable precautions 
must be taken. Such products as dinitroethane, for example, are said to have 
the explosive power of 91.17, of blasting gelatine [4]. However, this particular 
product is said to be insensitive to friction, impact, and explosive initiation. 
Even so, it is our opinion that no effort should be spared in taking protective 
measures against explosions in handling nitro compounds. 

The products of a typical nitration of isobutylene are given in Eq, (1). In 
this reaction scheme, the hydrolysis product indicated results from the fact 
that the crude product mixture is added to water after stripping off solvents 
and excess dinitrogen tetroxide. 

NO, CH; 


| | 
CHs—C=CH2 + N20, ——> ene tae + | CHs—C--CH,NOz 


! 
‘Hs CHa ONO 
H,O if Thermal \w a 
Pa degradation 
CHa site cite 


I 
CHs—C-—-CH:zNO, CHs—C=CHNO2 CHy-~C—CH2NO; 
1H INOg 


It has been found that dinitro paraffins may be treated with a base to obtain 
nitro olefins and that nitro nitrites similarly may be converted to nitro 
olefins. Thus, the nitration of olefins may be used as a starting point for the 
preparation of mononitroolefins in surprisingly good yields. The prepara- 
tion of 1-nitrocyclooctene given below is an example of this reaction. As 
stated before, safeguards against explosion hazards should be used. 

The author of the preparation evidently used purified dinitrogen tetroxide 
from laboratory supply sources without difficulty. However, ifi necessary, the 
purification procedure outlined above should be used. 


2-1. Preparation of 1-Nitrocyclooctene {5 

In a hood, behind a barricade, in equipment protected from atmospheric 
moisture, to a solution of 39.28 gm (0.427 mole) of dinitrogen tetroxide in 
150 ml of dry ether is added 44,4 gm (0.40 mole) of cyclooctene (which con- 
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tained 4.67, cyclooctane), over a 24 min period at 10° + 1°C, while bubbling, 
14 moles of oxygen through the solution. Then 24 ml of ether is added and 
while the solution is being stirred for a 4 hr at 10°C, 121 gm (1.2 moles) of 
triethylamine is added with external cooling ofi the reaction flask. The reac- 
tion mixture is then maintained at 24°C for 4 hr, cooled to 3°C, diluted with 
150 ml of ether, and quenched by the cautious addition of 1.2 moles of acetic 
acid dissolved in 200 ml of water. The ethera! solution is separated, washed in 
turn with water, sodium bicarbonate solution, and again with water. The 
solution is then cautiously evaporated under reduced pressure. The cyclo- 
octane which had been added with the cyclooctene is removed during the 
evaporation under reduced pressure. The residue is a yellow liquid weighing 
61.0 gm and represents a 96% yield based on its infrared analysis. 


+ N,0, —> 


NO, —NO, 
+ 
|_NO, |_oNO 


NO. 
(CaH»aN A 2) 


Pure 1-nitrocyclooctene is obtained by chromatography on silica gel and 
subsequent distillation, b.p. 60°C (0.2 mm), 2° 1.5116. Upon standing at 
room temperature for a period ofi several weeks, a slow decomposition ap- 
pears to take place with the simultaneous precipitation of a solid. 


Nitric oxide (NO,) has also been studied as a possible nitrating agent of 
olefinic compounds [6]. The reaction products obtained represent a very 
complex mixture. Thus, for example, the reaction of 2-methyl-2-butene 
affords at least 17 products, of which the three major products are 2-methyl-3- 
nitro-l-butene (24.6%); 2-methyl-l-nitro-2-butene (22.7%); 2-methyl-3- 
nitro-2-butene (21.7%). Among the minor components of the reaction 
mixture are 2-methyl-3-nitro-2-butanol (5.9%); 2-methyl-2-nitro-2-butyl 
nitrate (1.0%); 2-methyl-3-nitro-2-nitrosobutane (0.3%); 2,3-dinitro-2- 
methylbutane (1.5%); distillation residue (17.3%). Other products identified 
in the reaction mixture are acetaldehyde, acetone, methyl isopropyl ketone, 
acetic acid, nitromethane, water, and nitrogen. 

By analogy to other work, it is expected that the nitro group would appear 
at the less-substituted carbon atom of the original olefinic bond. In addition, 
abnormal products were formed in this reaction, for example, 2-methyl-1- 
nitro-2-butene evidently formed from a NO,-catalyzed allylic rearrangement 
of the normal product. The nitro nitroso compound is also believed to under- 
go an intramolecular oxygen shift (“ nitrosite rearrangement”) to account for 
observed ketoxime formation. 
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b, NITRATION WITH ACETYL NITRATE 


Acetyl nitrate is readily prepared from 70% nitric acid and an excess of 
acetic anhydride. Nitration of certain olefins with this reagent represents a 
convenient procedure for the preparation of 8-nitroacetates, 8-nitro alcohols 
and 8- and/or q-nitroalkenes. Alternative procedures for some of these 
products would be the condensation of aldehydes with nitroalkanes discussed 
below. Analogous reactions involving the condensation of ketones with 
nitroalkanes are rather difficult. By use of acetyl nitrate, however, many of 
the products expected from such interactions are readily accessible [7]. 

While many olefins are readily nitrated by acetyl nitrate, by concerted 
reactions involving a protonated form of acetyl nitrate, a small amount of 
sulfuric acid has a strong accelerating effect and is particularly useful in the 
case of an olefin which is difficult to nitrate. 

The reaction of isobutylene in Eq. (3) serves to illustrate some of the major 
products isolated from typical reactions. 


1 


ce) ot- CH; 


= 106°C | 
CHyC-. CHa + CHsC--ONO, 2S CHy—C—CH.NOs + CH2==CCHsNOn + 
\ ‘AcOH-AcaO i | 
CH, CHs CHs 
647, Fo 
ONO, 
CHy-t--CHaNOs 3) 
Hy 
4a 


In the preparation given below, the scale of the reaction should be main- 
tained as indicated. If larger scale operations are desired, the olefin should be 
added in several stages so as not to permit the reaction temperature to rise 
above approximately 15°C. If the reaction mixture is allowed to rise above 
this range, difficulty in the isolation of reaction products is often experienced. 
In no instance should the maximum reaction temperature be permitted to 
approach 60°C since the vigorous decomposition of the acyl nitrate occurs 
at this temperature. Generally, however, the reaction should be carried 
out as rapidly as possible. 

It is to be noted, that the initial reaction of acetic anhydride and nitric 
acid to form acetyl nitrate must be carried out at about room temperature, 
since at lower temperatures, this reagent does not form. (CAUTION: Pure 
acetyl nitrate should riot be isolated since explosions have been reported in the 
isolation of the pure material.) Prior to the addition of olefin, the solution of 
acyl nitrate in acetic anhydride is cooled to — 20°C. 


: 
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The preparation of 3-nitro-2-butyl acetate and related products is an 
illustration of the reaction technique [7]. 


2-2. Preparation of 3-Nitro-2-butyl Acetate {7| 


H CHa a NO, CH, O NO; 

F \, [i XN 
‘ani + CHsC—ONOz2—> = CH—CH—OCCHs;+ (CH—CH==CH: (4) 
CHaH CHs CH; 


To 500 ml of acetic anhydride at 15°C is added slowly, with rapid stirring 
and cooling 67.5 gm (0.75 mole) of nitric acid (70.4%, in water). As soon as 
the temperature of the reaction mixture approaches 20°C, the cooling bath is 
lowered to —20° to —30°C and the remainder of the nitric acid is added at 
such a rate as to maintain the temperature between 20° and 25°C. The total 
addition time is 3-5 min. After the addition of nitric acid has been completed, 
the solution is cooled quickly with rapid stirring to — 20°C, and 16.8 gm (0.3 
mole) of liquid rrans-2-butene is added all at once. As soon as the tempera- 
ture of the reaction mixture begins to rise, the temperature of the cooling 
bath is quickly lowered to —60°C to — 70°C. The temperature of the reaction 
mixture rises rapidly to 11°C and then gradually is reduced back to 20°C 
within a period of less than 5 min. At this point the pale yellow reaction 
mixture is poured into 1.5 liters of cold water and the mixture is stirred 
periodically until hydrolysis of the excess acctic anhydride has been comple- 
ted. The reaction product is then extracted with 800 ml of a saturated sodium 
chloride solution and 800 ml of ether. The ether layer is washed four times 
with 800 ml of water and dried over anhydrous magnesium sulfate for 20 min. 
The drying agent is removed by filtration, the ether is removed from the fil- 
trate under reduced pressure, and the reaction products are distilled under 
reduced pressure with a vacuum-jacketed distillation column to give the fol- 
lowing fractions: (1) b.p. 39°-44°C (20 mm), 8.3 gm of 3-nitro-1-butene 
(27%); (2) b.p. 57°-58°C (0.6 mm), 18.0 gm (38%) of 3-nitro-2-butyl acetate. 
The 3-nitro-l-butene, upon redistillation, exhibited a boiling point of 43°~ 
43.5°C (20 mm). 


c, NITRATION OF ACTIVE METHYLENE COMPOUNDS WITH NITRIC ACID 


Active methylene compounds have been nitrated directly with nitric acid. 
Since the nitro group thus introduced also activates the carbon adjacent to it, 
the product resulting from the direct nitration of an active methylene com- 
pound is frequently highly reactive and consequently may be quite unstable— 
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in fact explosive. Therefore, as with all aliphatic nitro compounds, precaution 
must be taken to reduce the hazards of explosion to personnel and equip- 
ment. A typical example of the reaction is given in the following preparation. 


2-3. Preparation of Diethyl. Nitromalonate [8] 


oO oe 
\ 
bre ~OC2Hs goo 
ch, + HNO, —> Ne G) 
C—OCHy C—OC,Hs 
ua 
1e) oO 


In a 500 mi three-necked flask fitted with a dropping funnel, stirrer, 
thermometer, and an outlet protected by a drying tube, is placed 80.0 gm 
(0.5 mole) of diethyl malonate. The flask is cooled by tap water at 12°C and 
184 ml of fuming nitric acid (d 1.5) is added at a rate sufficient to maintain 
the temperature between 15° and 20°C. The addition requires approximately 
I hr. After this period, the mixture is allowed to stir for 34 hr at 15°C. The 
solution is then poured into | liter of ice and water and the ester is extracted 
with two portions of toluene, the first being 200 ml, the second 100 ml. The 
combined toluene extracts are washed twice with water and then with 200 ml 
portions of 5%, aqueous urea solution until a starch-potassium iodide test for 
the oxide of nitrogen is negative. The toluene solution is then extracted with 
several portions of a 10%, solution of sodium carbonate in water until the 
acidification of a test portion of the aqueous extract shows that it is extracting 
no further nitro ester. 

The sodium carbonate extracts are combined and washed once with 200 ml 
of toluene. The aqueous solution is then carefully acidified to Congo Red 
paper with concentrated hydrochloric acid with cooling by the occasional 
addition of ice. The ester is collected by extracting in turn with 500, 200, and 
100 ml portions of toluene. The toluene solutions are washed twice with 
200 ml portions of water and then again with a 5%, aqueous urea solution, 
checking again with starch—potassium iodide test papers for complete 
absence of oxides of nitrogen. The toluene solution is then dried over mag- 
nesium sulfate. For many purposes this solution may be used as is. To assay 
the solution, an aliquot is added to an equal volume of ethanol and titrated to 
a phenolphthalein end point with 1 N sodium hydroxide. 

In this case, the assay depends on the acidic nature of the nitro esters. The 
assay indicates a yield of 94.1 gm (91.7%) of product. To isolate the pure ester, 
the toluene is evaporated under reduced pressure, and the residue is distilled 
at 81°-83°C (0.3 mm). 
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[Reprinted from: D. 1. Weisblat and D. A, Lyttle, J. Aim. Chem. Soc. 71, 
3079 (1949). Copyright 1949 by the American Chemical Society. Reprinted by 
permission of the copyright owner.] 


d. NiITRATION OF ACETIC ANHYDRIDE WITH Nitric ACID 


The formation of acetyl nitrate by reaction of nitric acid in an excess of 
acetic anhydride has been discussed above. When the mole ratio of nitric 
acid to acetic anhydride becomes 1:1, and reaction is allowed to proceed at 
ordinary temperatures for several days, good yields of tetranitromethane are 
obtained. Since tetranitromethane is currently receiving attention as a non- 
acidic nitrating agent with high specificity, directions for its preparation are 
given below. 


2-4. Preparation of Tetranitromethane |9, 9a] 


it tl I, 
4 CHsC--O-—C—-CHa + 4 HNOs ——> C(NOa) + CHaC—OH + CO. (6) 


CAUTION: The product is toxic. Reactions must be carried out in a hood, 
behind a shield. 


In a 250 ml Erlenmeyer flask surrounded by an ice-water bath, resting on a 
magnetic stirring apparatus, and containing a Teflon-coated magnetic stirrer, 
and a thermometer reaching nearly to the bottom of the flask, is placed 31.5 
gm (0.5 mole) of anhydrous nitric acid. (This anhydrous nitric acid is readily 
obtained by carefully distilling laboratory grades of concentrated nitric acid 
with a specific gravity of 1.4 or higher from an equal volume of concentrated 
sulfuric acid twice.) The flask is cooled, and, with stirring, 51 gm (0.5 mole) of 
acetic anhydride is added from a buret in 2 ml portions. An exothermic 
reaction ensues; however, the reaction temperature must never be allowed to 
rise above 10°C. As more and more acetic anhydride is added, the vigor of the 
reaction decreases and somewhat larger portions of acetic anhydride may be 
added at any one time. It is advisable not to add acetic anhydride in portions 
targer than 5 ml at a time. After all the anhydride has been added, stirring and 
cooling is continued for a short while. The thermometer is removed from the 
flask, and a small beaker is inverted over the neck of the flask. The flask is 
kept in the ice-water bath while the ice melts and is then allowed to stand at 
room temperature for 7 days. During this time, carbon dioxide is said to 
evolve gradually and continuously. The reaction mixture gradually changes 
from colorless to brown. After this time, the reaction mixture is poured into 
200 ml of water. Most of the tetranitromethane forms a heavy oily layer 
which may be removed by means of a separatory funnel. A small quantity of 
product is retained in the dilute acetic acid mixture and may be separated by 
means of steam distillation. 
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Water or steam treatment of the product should be kept to a minimum 
since small quantities of nitroform may be produced by reaction of water. 
While the preparation in Organic Syntheses [9a] purifies this product by 
steam distillation, for many applications it would seem to be sufficient to 
purify the product obtained directly from the reaction by rapidly washing it 
with dilute sodium carbonate solution followed by a water wash and drying 
with sodium sulfate. Under no circumstances should the product be distilled 
because of explosive hazards. Tetranitromethane must be kept out of contact 
with aromatic compounds except under carefully controlled reaction condi- 
tions since explosions are said to occur at times. 

While Chattaway [9] reports yields of 18-20 gm of pure dried tetranitro- 
methane (approximately 80%), another preparation [9a] reports only 14-16 
gm (57-657). 


@, CHLORONITRATION OF OLEFINS WITH NITRYL CHLORIDE 


Nitryl chloride has been added to a variety of olefinic compounds to yield 
nitro compounds. For example, the addition of nitryl chloride to vinyl 
bromide affords 2-bromo-2-chloronitroethane [Eq. (7)] [10]. 

Nitro ketones and aldehydes have also been prepared by reaction of enol 
acetates and ethers with nitryl chloride according to Eqs. (8) and (9) [11]. 


cl 
CH,=CHBr + NOC] —> \CH--CHNOs (3) 
Br” 
Cl R’ 
R—C=CHR’ + NO.CI — > n—L_¢H—No, (8) 
bccn, bc—cHs 
) 
aR’ oO 
R bd ‘NO: + HO —~-> R- L ‘CHNO, + CHsCO,H + HCl yy 
bccn, Rr’ 


The preparation of methyl 2-chloro-3-nitropropionate is an example of 
the reaction [12]. In connection with this description, the preparation of 
nitryl chloride is also given. 


2-5, Preparation of Methyl 2-Chloro-3-nitropropionate [12] 
HNO, + CISO;H —» NO,CIi + HaSOQ, (10) 
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oO cl Oo 
cr=cH—l_ocn, + NOC] —> No,—cH,-Cu—t_ocr, 
Td 
+Cl—CHz—CH—C—OCHs 


oO 
dL ll 
+CH,OC—-CH—CH,;—CH—C—OCH, (11) 
H2NO, (1 


CAUTION: The following reaction should be carried out in a hood, 
behind shields. 

(a) Preparation of nitryl chloride, In a 500 ml three-necked flask equipped 
with a pressure equalizing dropping funnel, an efficient motor-driven glass 
stirrer sealed with sulfuric acid, and a condenser cooled with Dry Ice-acetone, 
to which a receiver ofi150 ml capacity is connected which in turn is also cooled 
with Dry Ice-acetone, is placed 100 gm (1.4 moles) ofi fuming nitric acid 
(specific gravity 1.50, 91.6% acid content). The acid is cooled to 0°C and then 
123 gm ofi fuming sulfuric acid (containing 30% sulfur trioxide) is added 
dropwise. The mixed acids are stirred vigorously at 0°C while 170.0 gm 
(97.5%, ml, 1.47 moles) ofi chlorosulfonic acid is added slowly over a } hr 
period, at such a rate that no brown nitrous fumes appear above the reaction 
mixture. Nitryl chloride, b.p. —17° to --50°C, (95-108 gm (80-90%) is 
collected in the receiver. 

(6) Nitration reaction. A three-necked flask equipped with a liquid-sealed 
Stirrer and a series of drying tubes as well as a gas inlet tube is cooled to 0°C, 
The gas inlet tube is connected to a vessel containing nitryl chloride. In the 
fiask is placed 86 gm (1.0 mole) of anhydrous methyl acrylate. With vigorous 
stirring, while maintaining the temperature at 0°C, 97.8 gm (1.2 moles) of 
nitryl chloride is distilled into the reaction flask over a 2 hr period. The mix- 
ture is then stirred for an additional hour at room temperature. The excess 
nitryl chloride now containing chlorine and nitrogen dioxide is removed by 
distillation under reduced pressure. During this distillation, the reaction mix- 
ture changes color from orange-red to light yellow-orange. The product is 
distilled under nitrogen at reduced pressure to yield three fractions. Yield ofi 
the fraction boiling range 43°--80°C (18-22 mm) is 22.2 gm (7.1%), the second 
fraction with b.p. range 68°-110°C (2-4 mm) is 251 gm (75.1%), and a pot 
residue of 43 gm (12.1%). 

The first two fractions are combined and redistilled under nitrogen at 
reduced pressure through a 24 x 2 cm helix-packed column. The first frac- 
tion isolated from this distillation has been identified after rerectification as 
methyl 2,3-dichloropropionate, b.p. 72.5°C (21 mm). Yield 9.3 gm (5.9%). 
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The second fraction is methyl 2-chloro-3-nitropropionate, b.p. 88°C at 
4mm. Yield 103.6 gm (62.1%). 

The high-boiling residue has been identified as dimethyl 2-chloro-4- 
nitromethylpentanedioate, b.p. 131°C (0.8 mm). Yield 5-10%. 


f. NITRATION WITH ALKYL NITRATES IN ALKALINE MEDIUM 

Perhaps the only method of preparing nitro compounds under alkaline 
conditions without drastic modification of the carbon skeleton is the method 
devised about the turn of the century by Wislicenus and co-workers [13]. 
In the original procedure, the condensation of an active methylene compound 
in the presence of sodium hydroxide with ethyl nitrate yielded the aci form 
of the nitro compound. Thus, for example, phenylacetonitrile was converted 
to a nitro derivative which, upon decarboxylation, afforded phenylnitro- 
methane according to Eqs. (12, 13). 


/ HCN + CgH,ONO, -—N20CsHs 


Oper Oger 


CN CO,Na’ 


¢ \ ¢ No,Na 24%, cS CH,NO, + CO, + 2 NaX (13) 


+ 
"CO,Na 


More recent investigations have shown that while this reaction has wide 
applicability, the course of the reaction is somewhat more complex and the 
nature of the products isolated from the mononitration of ketones is com- 
plicated by cleavage reactions of the product [14]. The preparation of 2- 
nitrocyclooctanone illustrates the modern modification of the procedure along 
with some of the problems associated with the cleavage of the cyclooctanone 
ting [14]. 


2-6. Preparation of 2-Nitrocyclooctanone and Amyl 8-Nitrooctanoates [14] 


,0 
or" 
+ RONO, A. KOCKCHDs 

2, HOCOCH; 


20 e 
I 
+ NOACH,),C—OR + KOCOCH, (14) 
NO, 
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To a solution of 18.0 gm (0.16 mole) of sublimed potassium fert-butoxide 
in 90 ml of tetrahydrofuran at — 50°C is added 12.6 gm (0.10 mole) of cyclo- 
octanone in 60 ml of tetrahydrofuran with stirring. To the heterogeneous 
mixture is added dropwise 14.4 gm (0.11 mole) of mixed amyl nitrates dis- 
solved in 30 ml of tetrahydrofuran over a 20 min period while maintaining 
the temperature between — 45° and — 50°C. At the end of this period, a solu- 
tion of 30.0 gm (0.5 mole) of acetic acid in 100 ml of absolute ether is added 
rapidly and the reaction mixture is stirred at 0°C for 12 hr. The resulting 
potassium acetate is filtered off and the filtrate is evaporated in a rotating 
evaporator under reduced pressure. Distillation of the residue affords 
6.0 gm (35%) of 2-nitrocyclooctanone at 73°-74°C (0.2 mm), and 9.6 gm 
(37%) of mixed amyl 8-nitrooctanoates at b.p. 140°-145°C (0.2 mm). 
Unreacted cyclooctanone was found, by VPC analysis, in the Dry Ice trap. 


B. Indirect Methods of Nitration 
a, CONDENSATION OF ALKvL HALIDfs witH METAL NITRITES 


The reaction of alkyl halides or dialkyl sulfates with both silver nitrite and 
sodium nitrite has been extensively studied by Kornblum and co-workers 
(see review by Kornblum [1c]). These indirect methods of nitration offer pro- 
cedures for the preparation of primary, secondary, and tertiary nitro com- 
pounds, Table | indicates the types of products to be obtained by various 
procedures. 


TABLE I 


Nitro COMPOUND Types FORMED BY INDIRECT PROCEDURES 


Starting material Reagent Product type 


RCH,X AgNOz Primary nitroalkanes (particularly 
suitable where & contains electron- 
withdrawing groups) 

ICH—CO,R’ AgNO, a-Nitro esters (limited to iodo com- 

| pounds) (method of choice for 


R ethy] «-nitroacetate) 

RCH2X NaNO./DMF or DMSO Primary nitroalkanes (less useful 
when R contains electron-with- 
drawing groups) 

R 

Ncux NaNO,/DMF or DMSO Secondary nitroalkanes (reagent of 
vA choice) (fails for cyclohexyl halides) 

R? 


Br—CH--CO,R’ NaNO./DMF or DMSO a-Nitro esters (generally useful pro- 
j cess) (not suitable for ethyl «- 
R nitroacetate) 
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TABLE I —continued 
NiTRo COMPOUND TYPES FORMED BY INDIRECT PROCEDURES 


Starting material Reagent Product type 
i 
R—CH=NOH cr,¢_oon Primary nitroalkanes 
{ 
R—C==NOH CF,C—OOH Secondary nitroalkanes 
| 
R’ 
R---C===NOH 1, N-Bromosuccinimide Secondary nitroalkanes 
Li 2, NaBH, 
R’ 
i 
Rae Ha CH,C_OOH Secondary nitroalkanes 
R’ 
t IL 
R—O—NH, CH;C—OOH Tertiary nitroalkanes 
R’ 
R 
RON, KMnQ, Tertiary nitroalkanes 
R’ 


b, Stiver NitRITE CONDENSATIONS 


The reaction of alkyl halides with silver nitrite (Victor Meyer reaction) is 
of value in the preparation of primary nitroalkanes. In the case of secondary 
nitroalkanes, reactions are slow and yields are low. The reaction is of little 
value for the preparation of tertiary nitroalkanes. 

The reaction may be carried out at relatively low temperatures, and, since 
it is exothermic in nature, diethyl ether is used as a diluent. As may be true 
with all reactions involving silver salts, it is believed to be preferable to carry 
the reaction out in a dark room. Since these silver salts are not sensitized for 
photographic purposes, their sensitivity is primarily to the blue and ultra- 
violet end of the spectrum. Bright yellowish green or yellowish orange “safe- 
lights” used in making photographic prints are therefore suitable for illumina- 
tion in a dark preparative laboratory. 

In the preparation of 1-nitrooctane given below, details for the preparation 
of silver nitrite are also given. 
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2-7. Preparation of 1-Nitrooctane (15] 
AgNO; + NaNO, ——> AgNO, + NaNO; (15) 


CH,(CH,)eCHzl + AgNO. —> 
CH,(CHz)gCHaNOs (83%) + Agl + CHs(CHa)e(CH2ONO (11%) (16) 


(@) Preparation of silver nitrite. In a dark room, well protected from 
“actinic radiation,” to a solution of 76 gm (1.1 moles) of sodium nitrite in 
250 ml of distilled water is added gradually a solution of 169.9 gm (1 mole) of 
silver nitrate in 500 ml of distilled water with vigorous shaking. The mixture 
is allowed to stand for 1 hr in the dark. The yellow precipitate is filtered with 
suction, stirred well with 250 ml of distilled water, and filtered. This washing 
operation is repeated two more times. The silver nitrite is then dried in a 
vacuum desiccator over potassium hydroxide pellets to yield 134 gm (86%). 

(b) Preparation of 1-nitrobutane. In a dark room, well protected from “acti- 
nic radiation,” in a three-necked flask fitted with a stirrer, dropping funnel, 
and reflux condenser, protected by a drying tube, is placed 100 gm (0.65 
mole) of silver nitrite and 150 ml of anhydrous ether, The mixture is cooled to 
0°C with an ice-water bath and then, with vigorous stirring, 120 gm (0.5 mole) 
of freshly distilled 1-iodooctane is added over a 2 hr period. Stirring at ice 
temperatures is continued for 24 hr. Then the cooling bath is removed and 
stirring is continued for 36 hr more. Periodically the disappearance of I-iodo- 
octane should be checked by vapor phase chromatography to reduce the 
time requirements. 

At the end of the reaction period, the ether solution should give a negative 
Beilstein test for halogens. 

The silver salts are then removed by filtration and washed thoroughly with 
more ether. The combined ether solutions are freed of solvent by distillation 
at atmospheric pressure (in daylight) through a glass-helix-packed distillation 
column, 

The residue is distilled under reduced pressure. The first fractions, at 51°C 
(S mm) are the pale yellow 1-oetyl nitrite; yield 8.4 gm (117). After a small 
intermediate fraction passes over, the main fraction of 1-nitrooctane is ob- 
tained at 71.5° to 72°C (3 mm), yield 64.9 gm (83%). This product is colorless, 


c. SopruM NITRITE CONDENSATIONS 


Whereas the older literature indicated that the reaction of alkyl halides 
with sodium nitrite afforded primarily nitrite esters rather than nitro com- 
pounds, recent investigations have shown that, by use of dimethylformamide 
[16] or dimethyl sulfoxide [17], good yields of either primary or secondary 
nitro compounds may be obtained. In these solvents, sodium nitrite is soluble 
at least to some extent, which promotes the desired course of the reaction, 
Since more concentrated solutions are possible in dimethyl sulfoxides, the 
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latter solvent offers some advantage in terms of shorter reaction times. The 
solubility of sodium nitrite in dimethylformamide is enhanced by the addition 
of urea, With open chain secondary bromides, somewhat higher yields are 
obtained in dimethylformamide than in dimethyl sulfoxide. By the silver 
nitrite methods, yields are somewhat higher; however, for commercial opera- 
tions the cost of the reagent outweighs this advantage. Table 1 indicates the 
situations in which silver nitrite is the reagent choice. 

Phloroglucinol, which is indispensable in the preparation of «-nitro esters, 
as a scavenger of nitrite esters, has a strong retarding influence on the reaction 
in dimethyl sulfoxide. However, the reaction in this solvent is intrinsically 
so rapid that the reaction still proceeds at a reasonable rate even in the pre- 
sence of phloroglucinol [17]. With secondary bromides [16] and also cyclo- 
pentyl and cycloheptyl iodides, not only is urea in dimethylformamide used 
but also a scavenger for nitrite esters if often added. Suitable scavengers 
are phloroglucinol, catechol, and resorcinol. Of these phloroglucinol appears 
to be the most satisfactory. The use of such scavengers is mandatory in 
the preparation of «-nitro esters. In the preparations [17, 18] involving the 
use of dimethyl sulfoxide, the use of urea is omitted but phloroglucinol is 
added in the preparation of «-nitro esters in dimethyl sulfoxide, We cite 
examples of preparations both in dimethy! sulfoxide and dimethylformamide 
since the availability of dimethyl sulfoxide may become restricted because of 
its unique physiological properties. 

While alkyl bromides or alkyl iodides are generally used in this preparation, 
tosylate derivatives of alcohols can also be used [16, 19]. 


2-8. Preparation of 2-Nitrooctane (in DMF) [16] 


DMF 
CH,(CHa)s—CH—CHs; + NaNO, ——> Gene + NaBr ay 
Br NOg 
+ CH (CHa)s—CH—CHg 
HH 


In a hood, behind a shield, to a stirred mixture of 600 ml of dimethyl- 
formamide, 36 gm (0.52 mole) of sodium nitrite, 40 gm (0,67 mole) of urea, 
and 40 gm (0.3 mole) of anhydrous phloroglucinol cooled in a water bath is 
added with vigorous stirring 58 gm (0.30 mole) of 2-bromooctane while main- 
taining a temperature no higher than 25°C in the reaction flask. The stirring at 
room temperature is continued for 45 hr. Then the reaction mixture is poured 
into 1.5 liters of'ice water, layered over with 100 ml of petroleum ether (b.p. 
35°-37°C). The aqueous phase is extracted four times with 100 ml portions of. 
petroleum ether, after which the extracts are washed with four 75 ml portions 
of water and dried over anhydrous magnesium sulfate. The petroleum ether is 
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then removed by distillation under reduced pressure through a column, heat 
being applied to the distillation flask with a bath which is gradually raised to 
approximately 65°C. Distillation of the residue through a 60 x 1 cm exter- 
nally heated distillation column packed with } inch glass helices and equipped 
with a total reflux—variable take-off head yielded 15.0 gm (35%) of 2-octanol 
at 45°C (1 mm) and 27.6 gm (58%) of 2-nitrooctane at 67°C (3 mm). 

When 2-bromooctane was converted to 2-nitrooctane using dimethyl 
sulfoxide as the solvent, the yields dropped to 46%, from the 58%, in dimethyl- 
formamide. However, the reaction time was 2 hr in dimethy! sulfoxide against 
45 hr in dimethylformamide. When 2-iodooctane was used in dimethyl 
sulfoxide instead of 2-bromooctane, yields comparable to those obtained in 
dimethylformamide were observed. The example cited involves the use of 
2-iodooctane. 


2-9. Preparation of 2-Nitrooctane (in DMSO) [17] 


CH,(CHa)y—CH—CH, + NaNO, —“S°, ci,(CH,)CH—CH, + Nal (18) 
I ho, 
+ CHo(CHa)s—CH—CHa 
NO 


NOTE: In handling dimethyl sulfoxide, extreme precautions must be taken. 
The compound is readily absorbed through the skin, and, once absorbed, is 
said to act as a pain killer. In addition, materials dissolved in dimethyl sul- 
foxide may also be carried into the body to produce their own physiological 
actions, in addition to those of dimethyl sulfoxide itself, e.g., soap residues 
carried into the body by the compound, are said to have caused severe 
physiological effects. 


In a hood and behind a shield, to a 500 ml flask immersed in a water bath 
and held at room temperature and containing 225 ml of dimethyisulfoxide and 
36 gm (0.52 mole) ofisodium nitrite, is added with stirring, 71.2 gm (0.30 
mole) of2-iodooctane while maintaining the temperature in the flask at room 
temperature. Stirring is continued for 4 hr. Then the reaction mixture is 
poured into 600 ml of ice water and layered over with 100 ml of petroleum 
ether (b.p. 35°-37°C). After separation, the aqueous phase is further extracted 
with four 100 ml portions of petroleum ether. The combined extracts are then 
washed with four 100 ml portions of water and dried over anhydrous mag- 
nesium sulfate. The drying agent is removed by filtration; the petroleum ether 
solution is separated by distillation through a small column. The residue is 
subjected to distillation through a fractionation column under reduced pres- 
sure. At 32°C (2 mm), a 14.0 gm (30% yield) fraction of 2-octyl nitrites is 
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collected, followed by a small intermediate fraction boiling between 53° and 
56°C at 1 mm, Finally, 2-nitrooctane is isolated at 61°C (1 mm). Yield 27 gm 


(58%). 


2-10. Preparation of Ethyl a-Nitrovalerate (in DMSO) [18] 
CH,CH,CH,CH—CO.C:Hs + NaNO, =°> 


Br 
CHSCHIC HCH CnC alls + Nal (19) 


NO, 


Toa solution of 250 ml of dimethy] sulfoxide, 36 gm (0.52 mole) of sodium 
nitrite, and 52 gm (0.32 mole) of phloroglucinol dihydrate in a 500 ml three- 
necked flask equipped with a sealed stirrer, is added 60.9 gm (0.3 mole) of 
ethyl a-bromovalerate. The flask is stoppered and the contents are main- 
tained at room temperature and stirred for 14 hr. A slurry forms after about 
4 hr. If necessary, a small amount of dimethyl sulfoxide is added to facilitate 
stirring. The reaction is then poured into 600 ml of ice water layered over with 
200 ml of diethyl ether. After separation of the upper layer, the aqueous phase 
is extracted four times with 75 ml portions of ether. The combined extracts 
are washed with four 100 ml portions of water and then dried over anhydrous 
magnesium sulfate. After filtration, the ether is removed by distillation at 
atmospheric pressure through a small distillation column. The residual liquid 
is distilled through a short column at reduced pressure. At 62°C (1 mm), a 
34.2 gm (87%) yield of colorless ethyl «-nitrovalerate is collected. 


Sodium chloroacetate, treated with sodium nitrite, leads to the formation 
of sodium nitroacetate in modest yield. Upon decarboxylation, nitromethane 
forms in 35-38% yield [20]. The reaction may be represented by Eq. (20). 


CICH;—CONa + NaNO, —> 0,N—CH.CO.Na —> 
CHsNO; + NaHCO; (20) 


At one time this reaction was considered the best method of preparing 
nitromethane. Today, of course, this material is commercially available from 
vapor phase nitration processes at very modest cost. 


C, Oxidation of Amines and Oximes 


Aldoximes and ketoximes have been successfully oxidized with peroxytri- 
fluoroacetic acid [21]. The reaction appears to be quite general except for 
derivatives of aldehydes and ketones which are highly hindered Sterically, such 
as those of pinacolone and of trimethylacetaldehydes. It is believed that the 
oxidation proceeds through an aci-nitroparaffin stage which then rearranges 
to the nitroparaffin. In order to accomplish this tautomeric change, the sol- 
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vent, acetonitrile, functions as a base. The reaction also has to be buffered. 
Sodium bicarbonate is most satisfactory for oxidation of aliphatic oximes 
while dibasic sodium phosphate gives high yields in the aromatic and hetero- 
cyclic oxime’ series, The course of the reaction has been found to be seriously 
affected by the rates of addition of peracids as well as the degree of heating. 
Generally speaking, addition rates of peracids should be relatively low and 
overheating must be avoided. 

The procedure is particularly attractive for the preparation of secondary 
nitroalkanes from ketoximes. Aldoximes will afford primary nitroalkanes. 
The example cited is representative of the technique. 

Since the directions call for the use of 90% hydrogen peroxide extreme care 
must be exercised. The material will give severe burns upon coming in contact 
with the skin, It may initiate fires when in contact with some organic materials, 
hence spillage must be avoided. It may also decompose violently under un- 
controllable conditions on finely divided solids. It should be pointed out that 
with benzaldehyde oxime, phenylnitromethane is produced, which we classify 
as an aliphatic nitro compound since the nitro group is on a nonaromatic 
carbon atom, 


2-11, Preparation of 4-Nitroheptane [21] 

N—OH NO; 

i CF.COsH | 
CH,CHsCH,—CCH,CH,CH, ——-—> CH,;CH,CH,—CH—CH,2CH,CH, (21) 
CAUTION: The handling of 90% hydrogen peroxide should be done 

with great care, spillage must be avoided and proper shielding and hoods 
should be used, The handling of peroxytrifluoroacetic acid should also be 
carried out with great care. 


(a) Preparation of peroxytrichloroacetic acid. solution. To 50 ml of acetoni- 
trile maintained in a water bath to about room temperature is added 34.0 
ml (0.24 mole) of trifluoroacetic anhydride, and 5.5 ml (0.2 mole) of 907, 
hydrogen peroxide. The materials are gently stirred until ready for use. 

(b) Oxidation of dipropyl ketone oxime. To a well-stirred suspension of 47 
gm (0.55 mole) of sodium bicarbonate in a solution of 2 gm (0.033 mole) of 
urea, 12.9 gm (0.1 mole) of dipropylketoxime, and 200 ml of acetonitrile, 
the solution of peroxytrifluoroacetic acid prepared as above is added over an 
80 min period. Throughout the addition and for 1 hr after, the solution is 
heated to a gentle reflux on a water bath. The solution is then cooled to room 
temperature and poured into 600 ml of cold water. The resulting solution 
is extracted with four 100 ml portions of methylene chloride. The combined 
extracts are washed with three 100 ml portions of 10% sodium bicarbonate 
solution and dried over magnesium sulfate. The solvent is evaporated under 
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reduced pressure and the residue is fractionally distilled through a packed 
column atreduced pressureto yield 9.3 gm (647,), 4-nitroheptane, b.p. 58°-60°C 
3 mm). 

; An Cada conversion of oximes to nitro compounds involves reaction 
of an oxime with N-bromosuccinimide, oxidation of the resultant nitroso 
compounds, and a reductive dehalogenation according to the scheme of 
Eqs. (22)}-(24) [22]. While this process is somewhat complex, there may be 
synthetic situations in which this procedure is particularly useful. 


Br 
N-Bromosuccinimide 
R—C=NOH >R < NO (22) 
R’ Rr 


nt no a rine, (23) 


low MBH, R-CHNOs 4) 


’ ’ 


Recent work using anhydrous solutions of peracetic acid and maintaining 
low reaction temperatures has resulted in a fairly satisfactory method for the 
preparation of nitro compounds from amines [23]. In the aliphatic series 
yields appear to be best when amines with extensive branching on the number 
\ carbon atom are used. Therefore this method is usable for the preparation 
of tertiary nitro compounds as well as secondary and cyclic nitro compounds, 
Primary nitro compounds are not obtained in large yield. It is believed that 
the reaction proceeds stepwise from an amine through the corresponding 
hydroxylamine to the nitrosoalkane and finally to the nitroalkane [23]. 

The preparation of tertiary nitroparaffin by oxidation with potassium 
permanganate has been found possible. In this connection, it was found 
important that an appropriate solvent such as 80% acetone-20%, water be 
used since many of the amines in question have limited solubility in an aqueous 
medium. The pH of the reaction is controlled by the addition of magnesium 
sulfate (dry powder). 

A typical example of this procedure is given in the preparation of 2-nitro- 
2,4,4-trimethylpentane. 


2-12, Preparation of 2-Nitro-2,4,4-trimethylpentane [24] 
CH, CH, CH, CH, 
cu—¢—cr,—¢_cH, 9% c,d _cH— CH, es 
CH, -NHs Hs NOs 
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To a solution of 25.8 gm (0.2 mole) of 2-amino-2,4,4-trimethylpentane 
(‘‘tert-octylamine”’) in 500 ml of acetonc is added 125 ml of water. To the well 
stirred solution, 30 gm of magnesium sulfate (purified, dry powder) is added 
in one portion and then 190 gm (1.2 moles) of potassium permanganate is 
added in portions over the course of 1 hr. During the addition care must be 
taken that the permanganate does not cake up on the bottom of the flask. 
After addition of the oxidizing agent has been completed, stirring is continued 
at 25°-30°C for 48 hr. The stirred mixture is then subjected to reduced pres- 
sure using a water aspirator while maintaining 25°-30°C in the reaction flask 
by external warming. When stirring becomes difficult, stripping is discon- 
tinued. Then about 100-200 ml of water is added and the mixture is steam- 
distilled. The pale blue distillate is taken up in petroleum ether (b.p. 35°-37°C) 
and dried over magnesium sulfate. The organic solution is distilled at reduced 
pressure through a small glass-helix-packed fractionation column to afford 
24.3 gm (77% yield) of the colorless nitro compound, b.p. 54°C (3 mm). 


D. Condensations of Active Methylene Compounds 


Aliphatic nitro compounds which have a hydrogen on the carbon bearing 
the nitro function are active methylene compounds. Typical condensations — 
associated with active methylene compounds may be carried out. By use of 
appropriate aliphatic compounds, a very wide variety of new nitro compounds 
may be prepared. Since nitro compounds may be considered precursors of 
amines, these reactions open up a variety of routes to unusual amines. 

One of the recent examples of alkylation reactions involves reaction of a 
variety of nitroalkanes or nitro acetate esters with gramine as a means of 
preparing derivatives of tryptamine. A typical example of the reaction is given 
by Eg. (26) [25]. 


cH, ¢ 
pon a 
va y-CHe-NC + Sano, MOH , 
a | CH, CH, 
CH, CHs 
/ \ 
CHC + NH 26) 
od [‘cu, chi, 
NO, 


Particularly active as a reactive methylene compound is diethyl nitro- 
malonate. In this case the reaction site is activated not only by two carboxy- 
late groups but also by a nitro group. A typical reaction is the preparation of 
ethyl «-nitro-«-carbethoxy-f-(3-indole)propionate [8]. 
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2-13. Ethyl a-Nitro-a-carbethoxy-B-(3-indole)propionate |8] 


CH, CO:GHs 


/ | 
‘H,—N + CH—NO, -—— 
‘cu, | 
N *  CO,C,Hs 


H 
Pokalls CH; 
+ NH (27) 
fr CHG > ¢ 
co.cHs ch, 
y NO, 


To a 500 ml three-necked flask fitted with a stirrer, nitrogen inlet, a thermo- 
meter reaching into the reaction mixture, and an efficient reflux condenser, 
is added 43.3 gm (0.25 mole) of freshly distilled ethyl nitromalonate, 250 ml of 
toluene, 51.3 gm (0.25 mole) of gramine. With a vigorous stream of nitrogen 
passing through the well-stirred mixture to ensure rapid and complete removal 
of the evolving dimethylamine, the mixture is heated rapidly to vigorous 
reflux. Evolution of dimethylamine begins at about 90°-95°C and is very 
rapid at the boiling point. Refluxing, the flow of nitrogen, and stirring are 
continued until the evolution of dimethylamine ceases (usually after about 
3 hr). The solution is then cooled, extracted twice with 50 ml portions of 10% 
hydrochloric acid, washed with 50 ml of water, extracted with two 50 ml por- 
tions of 5% sodium hydroxide solution, and washed twice with water. The 
toluene solution is dried over magnesium sulfate and concentrated at reduced 
pressure. The last traces of solvent are removed by heating under nitrogen at 
80°C (0.5) mm with stirring. The product is a light red color thick syrup and 
weighs 80.5 gm (96.5%). 

[Reprinted from: D, I. Weisblat and D. A. Lyttle, J. Am. Chem. Soc. 71, 
3079 (1949). Copyright 1949 by the American Chemical Society. Reprinted by 
permission of the copyright owner.] 


C-Acylations of primary nitroparaflins to «-nitroketones have also been 
accomplished under basic conditions using acyl cyanides as acylating reagents 
of choice [26]. Suitable solvents for the reaction appear to be tert-butyl 
alcohol, ether, and tetrahydrofuran when lithium nitronates rather than 
sodium nitronates are being acylated. 


a. ALDOL CONDENSATION 


Aldehydes and cyclic ketones react under a variety of conditions with 
nitroalkanes to give typical aldol condensation products. While such cata- 
lysts as zine chloride have been used for the reaction, usually alkaline 
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Conditions are the most suitable. Under gentle reaction conditions, the 
intermediate nitro alcohols may be isolated [27]. Under more vigorous con- 
ditions, dehydration of the nitro alcohol takes place to produce olefinic nitro 
compounds, For example, 5-nitro-4-octanol has been prepared by the process 
of Eq. (28) [27]. 


° 
{{ 
CH,CHsCH.C—H + CH;CH,CHyCH:NO, ae 
a 
OH 
CH.CH.CHCHCHCH,CH,CH, (28) 
NO, 


The reaction of benzaldehyde and nitromethane in alkaline medium repre- 
sents a standard procedure for the preparation of f-nitrostyrene [28]. 

Aldol condensations involving nitromethane and nitroethane may give 
rise to explosive intermediates or products. Therefore, such reactions must be 
carried out with very small quantities only behind adequate shielding and 
with extreme care. 

The preparation of 2,2,2-trinitroethanol is given here for two reasons: 
(2) it gives a method of forming potassium nitroform from tetranitromethane, 
and (2) it shows the aldol condensation of potassium nitroform with formalin 


[29]. 
2414, Preparation of 2,2,2-Trinitroethanol [29] 


NO. nes ia 
osN—t—No, + 2KOH —> Kt io + KNOs; + H,O (29) 
NO, NOs 
ie - NO, 
K*] C—NO; | + CH20 fair NOx 'H,OH + KOH (30) 


NOg Oz 


Behind a shield, in a hood, to a solution of 64.4 gm (1.0 mole) of potassium 
hydroxide in 60 ml of water and 140 ml of ethanol, is added dropwise 98 gm 
(0.50 mole) of tetranitromethane with stirring, maintaining the temperature 
between 15° and 20°C. The yellow potassium nitroform is collected, washed 
with 50 ml of ice water, 50 ml of ethanol, and finally with another 50 ml of 
ice water. (CAUTION: Potassium nitroform cannot be stored and must be 
handled with great care since it may be explosive.) The precipitate is immedia- 
tely added to 150 ml ofiwater and 45 ml of 38% formalin. Then 50 ml of con- 
centrated hydrochloric acid is added in one portion. The mixture is stirred for 
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3 hr at room temperature and extracted with methylene chloride. The methy- 
lene chloride extracts are dried with anhydrous magnesium sulfate and filtered. 
The filtrate is distilled azeotropically to remove all possible water. Finally 
concentration is accomplished by evaporation under reduced pressure with a 
rotary evaporator. Crystallization of the residue from carbon tetrachloride 
gives 78.8 gm (86%) of 2,2,2-trinitroethanol as colorless needles, m.p. 
70°~71°C, 


The aldol condensation involving nitroalkanes is carried out in buffered 
media such as methylamine hydrochloride-sodium carbonate [30] or glacial 
acetic acid-ammonium acetate [31]. 

In the preparation of 2,4-dibenzyloxy-5-methoxy-f-nitrostyrene, am- 
monium acetate alone has been used [32]. 


2-15. Preparation of 2,4-Dibenzyloxy-5-methoxy-B-nitrostyrene |32] 


_NH,OCOCHs _ 


CH,O. 
Ra. + CH,NO, —————_——- 
~n{) 
CH;O ~CH=CHNO, 
Oren 
€ \-cx-0° oc< \ 


To a solution of 2 gm (0.0057 mole) of 2,4-dibenzyloxy-5-methoxybenzalde- 
hyde in 20 ml of nitromethane is added 170 mg of ammonium acetate. The 
stirred mixture is heated for 5 hr on a steam bath. The mixture is then cooled 
in a Dry Ice-acetone bath until crystallization is complete. The yellow solid is 
collected and air-dried overnight. Yield 1.9 gm (84.8%), m.p. 132.5°-134°C. 
The product may be recrystallized from methylcyclohexane to give 1.7 gm 


(767,) of 2,4-dibenzyloxy-5-methoxy-f-nitrostyrene as orange feathery plates 
(m.p. 133°-135°C). 


b. MICHAEL CONDENSATION 


The addition of active methylene groups of aliphatic nitro compounds to 
conjugated systems is known as the Michael condensation. 

Among the examples of the reaction is condensation ofinitroalkenes with an 
«,B-unsaturated aldehyde such as acrolein [33]. Nitroform adds to benzalace- 
tophenone to afford 4,4,4-trinitro-3-phenylbutyrophenone, presumably by a 
1,4-addition mechanism [34]. The reaction with nitroform is somewhat com- 


i 
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plex since some reactions also involve the loss of a nitro group. Thus, for 
example, upon reaction with naphthaquinone, 2-dinitromethyl-1,4-naphtha- 
quinone is isolated [34]. 

The reaction of a nitroparaffin and a more complex unsaturated ketone 
1,5-diphenyl-2,4-pentadiene-1-one was found to take place ip the 1,4-manner 
tather than the expected [,6-addition as follows [35]: 


fe) 
| 


R 
( \-crcrononet + JCHNO, =. 
=e R’ 
9 
C Scr mcn tt \ (32) 


The Michael condensation of ethyl nitroacetate with ethyl acrylate using 
aqueous benzyltrimethylammonium hydroxide as a catalyst afforded diethyl 
e-nitroglutarate in 66%, yield [36]. Examples involving 1,4-additions to acry- 
lonitrile and acrylamide are also available [37]. 

Since primary nitroalkanes have two labile hydrogens, the possibility 
exists that the product derived from a Michael condensation is still capable of 
reacting with additional quantities of the «,8-unsaturated reagent. This is the 
rationale in the preparation of 4-nitro-4-methylhcptadiamide [37]. 


2-16. Preparation of 4-Nitro-4- methylheptadiamide (37| 


° 
I il 
CHa=-CHC—NHg + CHyCHaNO2 + CH.—-CHC—-NH2—> 
eeicrea 
NHa~—-C ClyCHy—C—CH,CH, NHz (33) 
i 


CHs 


In a hood, behind a shield, to a stirred mixture of 80 gm (1.12 moles) of 
acrylamide, 30 gm (0.40 mole) of nitroethane, and 250 ml of dioxane is added 
aqueous 40%, potassium hydroxide until the pH reaches approximately 8.5. 
After the initial exothermic reaction has subsided, the reaction mixture is 
warmed at 50°C until the green color becomes orange (~ 10 hr). The reaction 
mixture is neutralized with diluted hydrochloric acid and evaporated to dry- 
ness. The residue is recrystallized from isopropanol. Yield 33.9 gm (39%), 
m.p. 134,5°-135°C. 

Michael-type condensations of nitroparaffins with acrylonitrile, acrylic 
esters, or amides have also been carried out in liquid ammonia [38]. 
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c. MANNICH REACTION 


AS a potential method for the preparation of 2-nitro-l-alkenes, a series of 
nitroamines were prepared by the Mannich reaction of a secondary amine, 
formaldehyde, and a nitroalkane. The preparation of the nitroamine appears 
to be quite general except that, in the case of a reaction involving nitroethane 
and diethylamine, a violent explosion occurred when the crude product was 
redistilled under reduced pressure. When, however, piperidine was substituted 
for diethylamine, the Mannich reaction with nitroethane proceeded without 
difficulty. In general, it is wise to carry out these reactions as well as the 
purification of the reaction product with suitable precautions against violent 
reactions and violent explosions. It was further found that reactions involving 
nitromethane under a variety of conditions with formaldehyde and piperidine 
afforded disubstituted products. The thermal decomposition of some of the 
nitroamine hydrochlorides produced by this method afforded 2-nitro-1- 
alkenes [39]. 


2-17. Preparation of N-(2-Nitrobutyl) diethylamine |39} 


CaHs CaHs 
NH + CHO —-» ‘NCH,OH (34) 
‘aHs ‘wHs 
C:Hs (CoHs 
N—-CH,OH + CH,CH;CH,NOz —» CH,CH,CH—-CH,—N’ (35) 
GHs : NO, CaHs 


In a hood, behind an adequate shield, in a 1 liter flask, fitted with stirrer, 
thermometer, dropping funnel, and condenser, a solution of 73 gm (1 mole) of 
freshly redistilled diethylamine in an equal volume of water is treated drop- 
wise while rapidly stirring with 84 ml (1.0 mole) of a 36%, solution of form- 
alin, over a period of'4 hr. The temperature is maintained at 18°C during the 
addition. After the addition of formalin has been completed, the reaction 
mixture is then stirred at room temperature for an additional 4 hr. To this 
solution of N-hydroxymethyldiethylamine is added all at once with rapid 
stirring, 89 gm (1 mole) of 1-nitropropane. This addition is accompanied by 
an 8°-10° rise in temperature. Rapid stirring of the mixture is continued for 
4 br. The two-layer mixture is then extracted with 100 ml of ether. To the 
aqueous layer is then added 10 gm of sodium chloride followed by extraction 
with 20 ml of ether. The ether solutions are combined, dried with anhydrous 
magnesium sulfate, and distilled under reduced pressure. After removal of the 
ether, the nitroamine is obtained by distillation under nitrogen to yield 138 gm 
(797%,) of a pale yellow liquid boiling at 79° (2 mm) which was identified as 
N-(2-nitrobutyl)diethylamine. 
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A recent study of the intermediates of the Mannich reaction of nitro- 
alkanes is discussed by Fernandez [40]. 

The use of a Mannch reaction, particularly with secondary nitroalkanes and 
formaldehyde and p-toluidine has been suggested as a method of preparing 
solid derivatives of secondary nitroalkanes for identification purposes [41]. 

As has already been mentioned in the case of primary nitroalkanes, this 
method may have some merit but suffers from the fact that the derivatives all 
appear to have melting points which lie in a rather narrow temperature range 
[39]. 


3, AROMATIC NITRO COMPOUNDS 
A. Direct Nitration 


The nitration of aromatic compounds has been studied extensively for 
many years (references [1g, li-w] give a selection of publications in this field). 
The literature describes a variety of reaction conditions and reagents ranging 
from the use of dilute nitric acid in the case of highly reactive aromatic com- 
pounds such as phenols, through concentrated nitric acids, the fuming nitric 
acids, nitric acid in a variety of solvents, and for particularly difficult to ni- 
trate materials, potassium nitrate with concentrated sulfuric acid [42]. This 
latter method evidently has some application in the nitration of benzonitrile 
and benzoic acid although the method is quite hazardous. One of the authors 
recalls a violent explosion which took place when a student forgot to add the 
sulfuric acid and simply heated benzoic acid and potassium nitrate together as 
dry solids, 

Since 4-nitrodiphenyl is suspected of being carcinogenic [43], great care 
must be exercised in the handling of aromatic nitro compounds. 

By far the most generally useful and most commonly used nitrating pro- 
cedure involves the use of solutions of nitric acid in sulfuric acid, commonly 
referred to as “mixed acid” [44, 45]. 

Extensive studies of the nitration in mixed acid have indicated that the 
nitrating agent is the nitronium ion NO,* formed according to Eq. (36) 
(see, for example, Ingold [lu]). 


HNOs + 2HzSO, ==> NOg* + 2 HSO,- + H;0* (36) 


Theoretically and experimentally, the most rapid nitrations take place in 
systems which are above 90%, in sulfuric acid. 

Preparative procedures usually use larger concentrations of nitric acid than 
required by the theoretical requirements in an attempt to compromise the 
rate of reaction with the isolation of practical quantities of product. The use 
of sulfuric acid has the following advantages: (1) It will combine with water 
generated in the reaction and thus prevent the dilution of nitric acid. Since 
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dehydration may also be accomplished with phosphorus pentoxide, the fact 
that phosphorus pentoxide in the presence of nitric acid does not increase the 
rate indicates that dehydration alone is not a particularly important factor as 
far as obtaining the maximum rate of reaction is concerned. (2) Many 
organic compounds are soluble in concentrated sulfuric acid. (3) It also 
diminishes the oxidizing action of nitric acid. (4) In some cases it is believed 
that the intermediate formation of the sulfonic acid takes place which 
subsequently is readily replaced by a nitro group. 

Many examples of nitration of aromatic compounds with mixed acid are 
found in standard laboratory manuals, e.g., the preparation of nitrobenzene 
from benzene, p-bromonitrobenzene from bromobenzene, and of nr-dinitro- 
benzene from nitrobenzene [44]. In addition, the preparations of 4-nitro- 
cumene from cumene, 3-nitro-1,2-dimethylbenzene from o-xylene and o- and 
p-nitroethylbenzene are given by Shirley [42]. 


3-1, Preparation of p-Nitrobromobenzene [44] 


Br Br Br 
NO, 
+ HNO,/H2SO, —> + (37) 
NO, 


In a 200 ml flask, cooled with an ice-water bath, to 28 gm of concentrated 
nitric acid is cautiously added 37 gm of concentrated sulfuric acid. While 
maintaining the flask at room temperature, there is added in 2~3 ml portions, 
16 gm of bromobenzene with vigorous shaking of the flask (rubber gloves, 
rubber apron, and face shield must be worn throughout the preparation). 
During the addition, the reaction temperature is maintained between 50° and 
60°C by cooling the flask in running water as necessary. 

After all the bromobenzene has been added and the temperature no longer 
tends to rise, the flask is warmed on a steam bath for 4 hr. The reaction mix- 
ture is then cooled to room temperature and poured into approximately 100 ml 
of cold water, The crude product (which contains some ortho isomer) is 
filtered off, washed with water, and pressed dry. 

To purify the product, the crude material is recrystallized from 100-125 ml 
of hot ethanol. The ortho isomer, being more soluble, remains in solution 
while the para isomer crystallizes out on cooling. Yield 10-14 gm, m.p. 126°- 
127°C, 


Under more vigorous reaction conditions, dinitration takes place with 
mixed acids. The semimicro preparation of 2,4-dinitrobromobenzene illu- 
strates this procedure. 
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3-2. Preparation of 2,4-Dinitrobromobenzene 46] 


Br Br 
i 


H,S0, NO, 


+ 2HN 
BNO: +2H,0 (38) 


NO, 


In a hood, the mixed acid is prepared as follows: In a 50 ml Erlenmyer 
flask cooled in an ice-water bath, to 5 ml of concentrated nitric acid is added 
cautiously, 15 ml of concentrated sulfuric acid. The flask is then heated to 
85°-90°C, and 2.0 ml (3.0 gm) (0.19 mole) of bromobenzene is added in three 
or four portions during | min. The reaction mixture is swirled well after each 
addition. The temperature rises to 130°-135°C. The reaction is allowed to 
stand with occasional swirling for 5 min and is then cooled to nearly room 
temperature. Then the reaction mixture is poured over 100 gm of ice. The 
resulting mixture is stirred until the product solidifies. The lumps are crushed 
and the crude product is collected by filtration. The crude product is washed 
in turn with cold water, sodium bicarbonate solution, and again with cold 
water. To recrystallize the product, it is dissolved in 50 ml of hot 95%, ethanol. 
The solution is then allowed to cool. Since the product tends to separate as an 
oil, crystallization is promoted by swirling the reaction mixture vigorously as 
soon as the oil appears. After crystals have started to form, the solution is 
cooled in cold water and finally in an ice bath. Crystallization is completed in 
about 5 min, The product is collected by suction filtration. The final product 
is then washed with a small quantity of cold ethanol. Yield 3.3 gm (70%), 
m.p. 69°~71°C. 


Nitration of biphenyl-2-carboxylic acid with fuming nitric acid at 0°C 
afforded 4,4'-dinitrobiphenyl-2-carboxylic acid while the mother liquor con- 
tained traces of 2',4-dinitrobiphenyl-2-carboxylic acid. The same starting 
material, when nitrated with concentrated nitric acid, afforded 4’-nitro- 
biphenyl-2-carboxylic acid as the major product while the mother liquor con- 
tained 2’-nitrobiphenyl-2-carboxylic acid [48]. 

Nitration of 4-hydroxyquinolines with nitric acid resulted in 4-hydroxy- 
3-nitroquinolines [49]. Various 2-alkylindoles as well as 2~phenylindoles have 
also been nitrated with concentrated nitric acid [50, 51, 54]. 

As is well known, substituents on an aromatic ring have a profound effect 
both on the rate of formation and on the nature of the isomers formed, The 
meta-orientating substituents such as the nitro, carboxyl, and sulfonic acid 
groups deactivate the ring by withdrawing electrons from it by induction 
and further by reducing the electron density in the ortho and para position by 
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a resonance effect. Para-directing groups such as methyl, ethyl, fluoromethyl, 
acetamino, amino, methoxy. and phenol, activate the ring and increase the 
electron density in the ortho and para positions. The halogens, on the other 
hand, tend to deactivate the aromatic ring by withdrawing electrons from the 
ring as a whole by the inductive effect, but. because of their high electron 
density, the halogens, in effect, deactivate the ortho and para positions less 
than the meta positions. Consequently they lead to ortho-para-substituted 
products although at a sluggish rate. In the case of nitration reactions, addi- 
tional complications arise from the fact that the normal nitrating reagents are 
strong acids; consequently amino substituents exist in the reaction medium as 
the salts. The resulting ammonium ion substituent, is, of course, electron- 
withdrawing and therefore meta-directing. The nitration of amino aromatic 
and hydroxyl aromatic compounds is further complicated by the fact that 
both substituents are subject to oxidation. 

Table [I shows typical isomer distributions upon mononitration of a series 
of substituted benzenes, It will be noted that frequently all three isomers are 
formed during nitration, However, the ortho-para directing substituents 
yield primarily the ortho and para products, while the primary product of 
meta-directing substituents in the meta product with quantities of the other 
isomers being formed in some cases. It is the author's opinion that much of 
the earlier work on isomer distribution (such as Holleman [52] and Lauer 
[53]), should be re-evaluated by modern instrumental techniques such as 
vapor phase chromatography. Greater attention should be paid to the matter 
ofi the rate of formation of various isomers as well as the total yields. As 
mentioned above, the direct nitration of aniline is difficult because of inter- 
ference from the oxidative side reactions. 

AS a matter of fact, the direct interaction of aniline with concentrated or 
fuming nitric acid is considered extremely hazardous because of the pos- 
sibility of ignition of the reaction mixture under certain circumstances. The 
acylation of aniline is generally preferable if the ortho- and para-nitrated 
products are desired. It is interesting to note that the tosylate of aniline affords 
a substantially higher ratio of para to ortho isomers than other acylates [53]. 

The separation of ortho and para isomers is usually accomplished on the 
basis of the lower melting point and boiling point, the greater volatility with 
steam, and the greater solubility of the ortho isomers, While this approach 
may be perfectly satisfactory in other areas, this technique has led to incorrect 
identification of isomers and therefore it is recommended that more positive 
methods of proof of structure be considered, particularly in the synthesis of 
new compounds. 

In the naphthalene series, mononitration usually takes place in the number 
1 position, A nitronaphthalene is normally produced by indirect procedures 
such as the replacement of a sulfonic acid group which is readily introduced 
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into the number 2 position as discussed below. Further substitution of 1- 
nitronaphthalene leads to products with substitution in either the number 5 or 


the number 8 position. 


TABLE It 
IsOMER DisTRIBUTION UPON MONONITRATION OF SUBSTITUTED BENZENES* 


—— 


Nitrating system Initially Percentages of isomers isolated Refe- 
present Sesh tate Tega) asia rence 
substituent Ortho Meta Para 
H2SO,-HNOs F 12.4 - 87.6 be 
a 30.1 _ 69.9 b 
34.6 _ 65.4 ¢ 
Br 37.6 _ 62.4 b 
1 41.1 _ 58.7 b 
CHs 56.4 4.8 38.4 ed 
1,2-(CHs)a 55 of 3-nitro isomer d 
45 of 4-nilro isomer 
1,3-(CHs)2 14 of 2-nitro-isomer d 
86 of 4-nitro isomer 
CH20CHs 28.6 18,1 53.3 e 
CaH,OCHs 31.6 9.4 59.0 e 
NH5* ~t _t 38 g 
N(CHs)o* — 88 at g 
Ac2O-HNO; or F 8.7 - 91.3 b 
AcNO;-CH3NO, 6.2 7 93.8 c 
a 29.6 0.9 69.5 b 
19.5 —_ 80.5 c 
Br 36.5 1,2 62,4 b 
I 38.3 1.8 59.7 b 
61.4 1.6 37.0 b 
CHs 56.1 2.5 414 ¢ 
CH3CHa 45.9 3.3 50.8 b 
OCHs 70.0 _ 30.0 e 
CH,0CHs 51.3 6.8 41.9 e 
C,H.OCHs 62.3 37 34.0 e 


« Since some of these data were obtained at a variety of reaction conditions and tem- 
peratures and some are from competitive reactions, correlations may not always be valid. 


® Olah ef ai. [51a]. 
° Sparks [51d]. 


4 Olah et al. [51b]; reactions carried out under heterogenous conditions. 


* Norman and Radda [Sic]. 
? Data not reported. 
* Ridd and Utley [Sle]. 
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a. NITRATION WITH ACYL NITRATES 


While use of benzoyl nitrate asa nitrating reagent of aromatic compounds 
had been suggested some time ago [54] and has been of considerable value in 
the elucidation of the mechanism of nitration [55], the use of this particular 
reagent in laboratory syntheses appears to be secondary. On the other hand, 
acetyl] nitrates, or at least a nitrating composition consisting of nitric acid and 
acetic acid or nitric acid and acetic anhydride sometimes in the presence of 
acetic acid has found application. In this connection it is important to heed 
the warning of Powell and Johnson [56] that the addition of concentrated or 
fuming nitric acid to acetic acid—acetic anhydride solutions must be carried 
out well below 20°C, cooled by means of an ice-brine bath, otherwise the 
Possibility of explosive reactions exists. 

Nitration of a variety of aromatic compounds has been carried out in 
acetic anhydride. Thus, for example, mesitylene has been converted to 2- 
nitromesitylene [56]. 

The acetic anhydride medium for nitration has been used in reaction of 
compounds such as anisole and anilides which are believed to be susceptible 
to oxidation or to hydrolytic attack by aqueous mixed acid [57]. 

In some cases, a change in the ratio of ortho-substituted to para-substituted 
products is observed when acetic anhydride-HNO, is used in place of the 
mixed acids [51d, 58]. This effect on the ortho to para substitution ratio is not 
universal since it is not observed in the case of toluene [51d]. 

It has been found [58] that a small amount of sulfuric acid in a nitric acid— 
acetic anhydride composition increases the rate of nitration in the system, as 
compared to techniques which do not use the mineral acid. 

The preparation of mixed chloronitrobenzenes is representative of the 
procedure, 


3-3. Preparation of Mixed Chloronitrobenzenes [58] 


a cl ral 
NO, 
ee 56) “O @9) 
NO, 


In a hood, behind a shield, to 22.5 ml of reagent grade acetic anhydride 
cooled in an ice bath is slowly added 2.5 ml of reagent grade fuming nitric 
acid containing approximately 90%, HNOs. To this nitrating mixture is then 
added 1 drop (0.05 ml) of 96%, sulfuric acid as a catalyst. To this nitrating 
solution is added dropwise with rapid stirring 2.25 gm (0.02 mole) of chloro- 
benzene, while maintaining the reaction temperature at 0°C. The reaction 


i 
F 


| 
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mixture is allowed to stir at 0°C for 20 min and is then added to a solution, 
maintained at 0°C, of 20 gm of sodium hydroxide in 175 ml of water, After 
standing at 0°C for at least 30 min to allow complete decomposition of the 
acetic anhydride, the crystalline product is filtered in a sintered glass crucible 
and washed thoroughly with ice water until free of alkali. It is then dried for 
several days and yacuum-desiccated over Drierite. By infrared analysis it was 
determined that the reaction product is approximately 90% p-chloronitro- 
benzene. Yield 2.8-3.0 gm (88-957,), m.p. 83°C. 


Recent work involving the nitration of chlorobenzene with acetyl nitrate 
under only slightly different reaction conditions indicated that the nitration 
product had the composition of 19.4% ortho, 0.5% meta, and 80.0%, para 
isomers [51d]. The differences in the isomer composition has been accounted 
for by analysis of the caustic wash solution which has a greater solvent action 
on the ortho-isomer than on the para-isomer [51d]. 

Nitrations have also been carried out in glacial acetic acid without the use 
of acetic anhydride or catalytic sulfuric acid [60]. The preparation of 4nitro- 
[2,2]-paracyclophane has been carried out by nitration in glacial acetic 
acid [61]. 


b, NITRATION WITH NITRONIUM TETRAFLUOROBORATE 


The nitrations of aromatic compounds in the presence of Friedel-Crafts- 
type reagents such as boron trifluoride, aluminium chloride, sulfuric acid, 
phosphoric acid, hydrogen fluoride, titanium tetrachloride, ferric chloride, 
and zirconium chloride, have been studied extensively. Major contributions 
to this field and extensive reviews have been prepared by Olah and co- 
workers [Sla, b, 62-64]. The reaction using nitronium tetrafluoroborate as 
nitrating agent is generally quite rapid. Even with substituted aromatic 
compounds whose substituents deactivate the ring, high yields of the mono- 
nitro product are obtained. The reactions may be carried out with an excess 
of the aromatic reagent, thus reducing dinitration and permitting nitration 
of compounds which, under the normal strongly acidic nitration conditions, 
undergo either hydrolysis or oxidation such as aryl nitriles. One drawback to 
this method is that nitronium tetrafluoroborate, while quite stable thermally, 
usually is prepared on a high vacuum line with specialized equipment. 


¢. NITRATION WITH OXIDES OF NITROGEN 


The various oxides of nitrogen have from time to time been suggested as 
nitrating agents under a variety of conditions. 

This method may have some merit, particularly in the nitration of phenolic 
compounds, It must be pointed out, however, that the possibility exists that 
nitroso compounds will be formed as intermediates when such oxides of 


444 16. Nitro Compounds 


nitrogen are used as “nitrating” agents. If nitroso compounds are generated, 
a further oxidation step is required to generate nitro compounds, which is 
mentioned below in the section dealing with oxidative procedures of forming 
nitro compounds, 

A recent publication suggests the use of a buffer solution in the nitration of 
phenolic compound with sulfuric acid and sodium nitrite [65]. An older 
publication involves the generation of “nitrous fumes” in an aqueous layer in 
such a manner as to pass into an organic solution of the phenolic starting 
material. The preparation of 4,6-dinitroguaiacol in 55%, yield uses this 
method [66]. 


B. Indirect Nitration 
a. DISPLACEMENT OF SULFONIC ACID GROUPS 


Many aromatic compounds, particularly polynuclear hydroxyl compounds 
such as naphthols, are quite easily sulfonated. The sulfonic acids produced 
by such procedures readily react with nitric acid with the replacement of the 
sulfonic acid group by a nitro group. 

The preparation of 2,4-dinitro-|-naphthol, taken from the famous Martius 
Yellow experiment, illustrates the simplicity of the procedure [67]. 


3-4. Preparation of 2,4-Dinitro-1-naphthol [67| 


OH OH 
or “S--SO3H 
+ 2H,SO0, —> ] ait +2H,O (40) 
SN 
if 
SO,H 
OH OH 
~~ $O5H Sy .NO, 
| +2HNO, —+ +2H,SO, (41) 
Se Zo 
S0,H NO, 


In a 125 ml Erlenmeyer flask is placed 5 gm (0.035 mole) of purified a- 
naphthol and 0 ml of concentrated sulfuric acid. The mixture is heated with 
swirling on a steam bath for | min. In that time the solids dissolve and an 
initial red color is discharged. The reaction mixture is cooled in an ice bath, 
and then 25 ml of water is added cautiously and the mixture is cooled in an 
ice bath, to 15°C. To the chilled aqueous solution, which is maintained by 
swirling in an ice bath between 15° and 20°C, is added dropwise (using a 


5 
i 
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capillary dropping tube which delivers approximately 0.5 ml per drop) 6 ml 
of concentrated nitric acid. When the addition is complete and the exothermic 
reaction has subsided (1--2 min), the reaction mixture is gently warmed to 
50°C for | min. The nitration product separates as a stiff yellow paste. The 
full heat of the steam bath is applied for | min and the flask is filled with 
water. The paste is then stirred rapidly and the solid product is collected by 
filtration on a Biichner funnel. The solid is washed well with water. Contact 
of the skin with this yellow crude product and its orange ammonium salt 
prepared below must be avoided. 

The purification of the product is carried out by conversion to the ammo- 
nium salt, followed by the generation of free dinitrophenol. This is carried out 
as follows: . 

The crude dinitro compound is washed into a 600 ml beaker with 100 ml of 
water. Then 150 ml of hot water and 5 ml of concentrated ammonia solution 
are added. The mixture is heated to the boiling point with stirring to dissolve 
the solid and then the hot solution is filtered with suction. Then 10 gm of am- 
monium chloride is added to the hot filtrate. On cooling, the ammonium salt, 
Martius Yellow, is precipitated out. The orange salt, after washing with a 2% 
solution of ammonium chloride in water, weighs 7.7 gm (88.5). 

To generate the purified 2,4-dinitro-l-naphthol, the moist salt may be 
used. It is dissolved in hot water. The solution is acidified with hydrochloric 
acid. The precipitated free 2,4-dinitro-I-naphthol is separated by filtration. 
The product may be crystallized after a charcoal treatment in methanol or 
ethanol. It forms yellow needles, m.p. 138°C. 


b. REPLACEMENT OF THE DIAZONIUM GROUP BY THE NITRO GRouP (SAND- 

MEYER REACTION) 

A number of nitro compounds have been prepared by diazotizing the cor- 
responding amine and subjecting the diazonium salt to the Sandmeyer reac- 
tion in the presence of sodium nitrite and cupro-cupri sulfite. The method 
has limited application. It may be of special value in the preparation of specific 
position isomers if starting materials can be prepared unequivocally. 

The preparation of 2,5-dinitrotoluene from the corresponding diamine is a 
typical example of the preparation [47]. 


¢, NITRATION WITH TETRANITROMETHANE 


The nitration of phenols with tetranitromethane in pyridine may very well 
be the only currently known nitration of aromatic compounds in a basic 
medium [68]. It is therefore of particular interest in the nitration of extremely 
sensitive materials such as those derived from biochemical sources, There is 
very little data on application of this method to the laboratory preparation of 
isolatable compounds. 


446 16, Nitro Compounds 


Evidently the reaction is highly specific, particularly with careful control of 
the pH of the reaction. Its current interest arises from the fact that it permits 
the nitration of tyrosine in the presence of other amino acids as found in 
proteins. So far cysteinyl residues are the only other groups found to react 
with tetranitromethane, probably because of oxidation by the reagent. 

The reaction is believed to be quantitative, although products are normally 
not isolated in the nitration of tyrosine, the interest being primarily in 
determining the absorption maximum of the nitrated derivative at 428 my. A 
product of the reaction is believed to be 3-nitrotyrosine, formed by the in- 
troduction of the nitro group ortho to the phenolic hydroxyl group [69]. 


C. Oxidation Methods 


a. AROMATIC AMINES 


The oxidation of aromatic amines to nitro compounds by way of nitroso 
intermediate with Caro’s acids has been carried out successfully many times. 
Two related modern methods are believed to be simpler both from the 
standpoint of availability of reagents and the reaction procedures. The first 
oxidation involves the use of hydrogen peroxide in glacial acetic acid. The 
preparation of 3,5-dichloro-4-nitrobenzonitrile is a representative example 
of the procedure [70]. 


5-5, Preparation of 3,5-Dichloro-4-nitrobenzonitrile [70] 


CN CN 
(0) 
HyO,/HOAc 4 (42) 
a ca ct cl 
NH, NO, 


On a steam bath, a mixture of 4.7 gm (0.025 mole) of 3,5-dichloro-4- 
aminobenzonitrile, 100 ml of glacial acetic acid, and 30 ml of 30% aqueous 
hydrogen peroxide, and 2 ml of concentrated sulfuric acid is heated. The 
reaction mixture is maintained at this temperature for 84 hr. After the first 
4+hr, the solution turns green and a precipitate of a white crystalline material 
appears. This, in all probability, is the dimer of the nitroso compound. After 
34 hr, 15 ml more of the 307, hydrogen peroxide and 50 ml of glacial acetic 
acid are added, whereupon essentially ail of the solid dissolves and the solu- 
tion becomes light yellow. After the full 8} hr, the reaction mixture is cooled 
and 200 ml of water is added. The solid which separates is filtered and re- 
crystallized from 100 ml of hot methanol to yield 4.5 gm (83%) 3,5-dichloro-4- 
nitrobenzonitrile, m.p. 166°-167°C. The material may also be sublimed under 
reduced pressure for analytical samples. 
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As in the case of aliphatic amines [21], aromatic amines may also be oxidized 
with peroxytrifluoroacetic acid. An example of this is the conversion of 
pentafiuoroaniline to pentafiuoronitrobenzene [71]. 


b, NiTRoso ComPpounDs 


As indicated above, the oxidation of amines evidently proceeds by way of 
the intermediate formation of nitroso compounds, The nitroso compounds 
themselves may, of course, be prepared by methods designed specifically 
for their preparation and these in turn may be oxidized to the corresponding 
nitro compounds. Thus, for example, 5-nitrosopyrimidines have been oxi- 
dized with aqueous 30%, hydrogen peroxide in trifluoroacctic acid solution to 
the corresponding 5-nitropyrimidines [72]. 4-Nitro-2,5-xylenol is prepared 
by the nitric acid oxidation of 4-nitroso-2,5-xylenol. In this particular oxida- 
tion, dilute nitric acids may be used. The 4-nitroso-2,5-xylenol is prepared 
by the reaction of 2,5-xylenol and acetic acid with sulfuric acid and sodium 
nitrite [73]. 


4. MISCELLANEOUS METHODS 
(1) Reaction of nitrosyl chloride with unsaturated compounds [74]. 


CHy== oe ees + NOCl —> ail a (61%) 


CHs Hs 43) 
cl 9 
é Il 

and OgN-»CHs—G—C—OCH, (25%) 
CH, 


(2) Displacement of an allylic bromine by a nitro group [75]. 


CH,—CH-—-CH=CHCHs + N20, ams, CH,—CH-—-CH==CH—CH, (38.3%) 

be NO, (44) 

(3) Reaction of sodium salts of secondary nitroalkanes with perchloryl 
fluoride [76]. 


[RaC==NO,~]Na* + ClOsF —>» RgCFNO, + NaClO, + RaC=O and (45) 
RaC—C—Rg 


NO,NO, 
(4) Preparation of methyl and ethyl nitroacetate by treatment of dipotas- 


sium salt of nitroacetic acid in an alcoholic solution with sulfuric acid at Dry 
Ice temperatures [77]. 
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2 CHaNOz + 2 KOH ~—» KO.N==CHCO.K + NHs + 2H,O 


(46) 
2H,SO, 
KO.N=CHCO.K + CH,OH es NO.—CH,CO,CH, + 2 KHSO, + H,0 
(5) Preparation of gem-dinitroalkanes by electrolytic procedures [78]. 
NO; 

CaHsNO. —“™°2_, CH,CH(NO.)2 and recovered nitroethane (47) 
Electrolysis 
at Bo ts 


(6) Preparation of «-fluoronitroalkanes by reaction of olefins with nitric 
acid and anhydrous hydrogen fluoride at low temperatures [79]. 

(7) Cyanoethylation of nitroparaffins in presence of a strongly basic ion- 
exchange resin [80]. 


CH,CH,CN 
3 CHi=CHCN + CH;NO, ——> NC_CH,CH,—¢_CH,CH,CN (48) 
NO, 


(8) Nitroethylation of labile hydrogen compounds [81]. 
Ar—NHy + CH,=CHNO, ——> ArNHCH;CH,NO, (49) 


(9) Nitroethylation of enamines [82]. 


S 


Hydrocarbon 


OG 
Cr" oa 


Ber 


+ CHy=CH—NO, —+> 


(50) 


CHy-CH~NO, 


—~CH,—NO, 
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(10) Diels-Alder reaction with nitroolefins [83]. 


\o% R 
+ e — fa R = Hor CH, (Si) 


NO, 


(11) Nitration of aromatic hydrocarbons with nitric acid and with nitrates 
in the presence of anhydrous sulfur trioxide [84]. 

(12) Nitration of aromatic hydrocarbons with nitric acids and with nitrates 
in the presence of liquid sulfur dioxide [85]. 

(13) Nitration of 2,7-dimethylnaphthalene with dilute nitric acid [86]. 

(14) Nitration of aromatic hydrocarbons with mixed acid in tetramethylene 
sulfone [87]. 

(15) Nitration of toluene with alky! nitrates and polyphosphoric acid [88]. 

(16) Preparation of polynitrostyrene by the nitration of polystyrene with 
fuming nitric acid [47]. 

(17) Preparation of £-p-nitrophenyl-y-butylactone and y-p-nitrophenyl-y- 
butylactone from the corresponding phenyl-y-butylactones with acyl nitrate 
[59]. 
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1, INTRODUCTION 


A useful review of nitrile chemistry is given in reference [1]. Two of the 
best methods of introducing a cyanide functionality into a given molecule are 


the conversion of a halide or amide as shown below. 
453 
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MCN 
R(X); > RCN 


a 2 
RCOOH i) 
P3Os, POC! 
PCIs, SOCg, etc. 
RCONHa 


M = Naor Cu; R = aliphatic or aromatic; X = Cl, Br, I; 7 = 1, 2, or more. 


Primary aliphatic halides, including those of high molecular weight, are 
readily formed in high yields. However, secondary ally] halides give poor 
yields of nitriles and tertiary allyl halides yield none as a result of the tendency 
toward elimination of halide to yield olefins. Secondary and tertiary nitrile 
can be obtained in good yields by the dehydration of the amides (Elimination 
Reactions). The method is applicable to aliphatic and aromatic amides. For 
example, isobutyronitrile is formed in 86% yield by heating isobutyramide 
and phosphorus pentoxide in the absence of a solvent at 100°-220°C and dis- 
tilling the product as it is formed. Some examples are shown in Table I [2-10] 
and more recent examples are in Table II, later in the text. 


TABLE 1 


REPRESENTATIVE CYANIDES PREPARED FROM THEIR CORRESPONDING HALIDE, 
AMIDE, OR OXIME 


Compound Yield (%) Method Reference 

n-Buty] cyanide 93 NaCN-DMSO 2 
tert-Butyl cyanide 80 Amide 3 
tert-Butyl cyanide 73 Amide 4 
at-Hexy] cyanide 72 NaCN-H,0 5 
CycJohexyl cyanide 93 Amide 6 
Benzy] cyanide 90 NaCN-H,0 7 

87 Amide 8 
4-Cyanobipheny] 50 Sandmeyer 9 
o-Chloropheny|acetonitrile 64 Oxime 10 


When X is an aldehyde group instead of halogen then one converts it to 
the oxime, which can be dehydrated in good yield to the cyanide using hot 
acetic anhydride. 


R--CHO —-» RCH=NOH “8, RON Q) 


The cyanohydrin reaction is also useful for converting aldehydes and 
ketones to these materials which can be reacted further. The addition of 
hydrogen cyanide to olefins and acetylenes is important industrially but 
requires special equipment and precautions in the laboratory. 
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Other methods involve condensation reactions of preformed cyanides with 
other molecules by aldol condensations, alkylations, and cyanoethylation 
reactions. 


A. Hazards and Safe Handling Practices 


It is of prime importance to recognize and become familiar with the ex- 
treme toxicity of cyanide salts and HCN gas. 

The alkali cyanides are readily soluble in water and sparingly soluble in 
the lower alcohols. These solutions are extremely toxic if taken internally and 
can be absorbed through the skin. The alkali cyanides are alkaline and rapidly 
liberate HCN in contact with acids or slowly with moist air. Hydrogen cyanide 
is a volatile liquid, b.p. 25°-26°C, f.p. — 13°C, flammable and explosive with 
air at 5.6°C at 40%, concentration. It decomposes with great violence when 
exposed to bases and therefore is sold with an acid stabilizer. When cyanides 
are being used, each person should work in a well-ventilated hood and wear 
rubber gloves, an apron, and a gas mask with an HCN canister good for 
HCN up to 2%, concentration, Antidotes such as sodium thiosulfate and amyl 
nitrite must be used promptly; but can only be administered by a qualified 
physician. One should never work alone and the other party should also be 
familiar with the necessary precautions. Signs should be posted to alert 
people entering the area. 

It should also be understood that the organic cyanides and nitriles are toxic 
and are more easily absorbed through the skin. 

In our own experience while working with sodium cyanide, the question 
frequently arises whether exposure to a fatal dose has taken place. If it has, 
immediate and drastic action by a physician would be mandatory; if it has 
not, administration of antidotes for prophylactic purposes would be ha- 
zardous, since some of them may be quite toxic. 

The safe disposal of excess cyanides and of waste by-products as well as the 
proper clean-up of al] equipment is also a problem. Thorough soaking with 
potassium permanganate solutions is believed to be of some value in the de- 
contamination of inorganic cyanides. Never dispose of cyanides by pouring 
down the drain. Pour solutions into waste containers. 

From the legal standpoint, in many, if not all, states in the United States, a 
laboratory may wot provide any first aid equipment or antidotes which must 
be administered orally, by injection, or by inhalation, unless this be done by a 
physician. Self-administration is done at the risk of the individual, administra- 
tion of antidotes by a lab partner or other nonmedical individual might sub- 
ject him to the most serious legal difficulties both under civil] and criminal law. 
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2. ELIMINATION REACTIONS 


A. Dehydration of Amides 


The dehydration of amides is probably the best known of the elimination 
reactions for the preparation of nitriles. One method, the dehydration with 
phosphorus pentoxide, has been used for many years although it is undoub- 
tedly one of the most messy synthetic procedures available. The procedure 
normally involves a dry distillation of a mixture of a primary amide and 
phosphorus pentoxide. Under the reaction conditions, this composition 
usually melts, chars, and, because a gaseous product is formed, quickly foams 
up to fill the available space in the cooler parts of the reactor. The use of 
large size equipment and oversize delivery tubes to a condenser and the heat- 
ing of the reaction mixture from the top surface with a Bunsen burner often 
helps to overcome some of the difficulties. The reaction is quite general in 
applicability and excellent yields have been reported. 

The preparation of cis-2,3-dichloroacrylonitrile is an example of this 
procedure. 


2-1. Preparation of cis-2,3-Dichloroacrylonitrile {11] 
a a a a 
oe “2 Nome + Ha @) 
H ‘CONH2 H CN 


In a vacuum distillation apparatus leading to several cold traps, an intimate 
mixture ofi 8.0 gm (0.05 mole) of cis-2,3-dichloroacrylamide and 8.2 gm 
(0.058 mole) of phosphorus pentoxide is cautiously heated under a pressure of 
225 mm of mercury at 200°C. Five and one-half grams of product is collected 
in the various receivers to give a 79%, yield, b.p. 95°C (225 mm). The purity 
of the product was shown to be 99%, by vapor phase chromatography. 


A variety of other dehydrating agents have been suggested. A recent pro- 
cedure suggests the use of p-toluenesuifonyl chloride as the dehydrating agent 
of a pyridine solution of an amide [12]. 


B. Conversion of Aldehydes to Nitriles 
a. DEHYDRATION OF OXxIMES 


The dehydration of oximes by such reagents as phosphorus pentoxide, 
thionyl chloride, acetic anhydride, acyl chlorides, and phosphorus penta- 
chloride is well known [13]. In effect, this dehydration procedure permits the 
conversion of aldehydes to nitriles with the same number of carbon atoms. A 
recent modification applicable only to the aromatic series makes use of boiling 
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acetic acid as a dehydrating agent [14]. With other dehydrating agents, ali- 
phatic aldehydes also may be converted to nitriles. The preparation of 4- 
methoxybenzonitrile is representative of the new procedure, 


2-2, Preparation of 4-Methoxybenzonitrile [14] 


cno-{ \-cHo + NH,OH —> 
cro-{ \-ci-now soca \-en 4) 


To a solution of 4,3 gm (1.3 mole) of freshly fused sodium acetate and 20 ml 
of glacial acetic acid is added 3.1 gm (1.2 mole) of hydroxylamine hydro- 
chloride and 5 gm (0.05 mole) of anisaldehyde. The reaction mixture is then 
heated for 16 hr under reflux. After cooling, the sodium chloride produced is 
filtered off and the acetic acid is removed by distillation. The residue is treated 
with water and extracted repeatedly with ether. The ether extracts are shaken 
several times with sodium carbonate solution and dried. Evaporation of the 
ether solution affords 3.3 gm (677,) of 4-methoxybenzonitrile (after recrystal- 
lization from petroleum ether), m.p. 59°-60°C. 


b, REACTION witH O,N-BIs(TRIFLUOROACETYL) HYDROXYLAMINE 

Recently a method of converting aldehydes to nitriles under relatively 
mild conditions has been reported to involve the reaction of an aldehyde with 
O,N-bis(trifluoroacetyl)hydroxylamine to yield nitriles in the presence of 
pyridine. This procedure appears to be applicable both to aliphatic and to 
aromatic nitriles and is illustrated here with the preparation of heptanenitrile 
[15]. It should be noted that this reaction is only of specialized interest since 
the reagent is not readily available. Further work will have to be done to 
establish its general nature. 


2-3. Preparation of Heptanenitrile [15] : 
ll rf 
3. CFoC—O—CCF, + NH,OH-HC] ——> 
9 9 
dl ] I d 
CF,C—N—O—C—CF, + 3 CF,COH + CFCCl (5) 


o 90 9 
4 ll 2C,HN 
CHACH ase + cr.t_nol—cr, as 


H H 
CH3(CHz)sCN + 2C;H;N:HOsCCF, (6) 
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To prepare the O,N-bis(trifluoroacetyl)hydroxylamine intermediate, in a 
hood, 100.8 gm (0.48 mole) of trifluoroacetic anhydride is refluxed with 
10.4 gm (0.15 mole) of hydroxylamine hydrochloride for 1.5 hr. The co-pro- 
ducts are separated by distillation under reduced pressure. The residue is 
recrystallized from methylene chloride to yield 27 gm (807%) of hydroscopic 
crystals exhibiting a phase transition temperature at 50°C and a melting point 
of 62°C (with sublimation). 

In a solution of 11.4 gm (0.1 mole) of heptanal, 22.5 gm (0.1 mole) of 
O,N-bis(trifluoroacetyl)hydroxylamine and 15.8 gm (0.2 mole) of pyridine are 
fefluxed in benzene for 4 hr. The pyridinium trifluoroacetate is separated by 
filtration and the resulting nitrile is isolated from the benzene solution by 
distillation to yield 7.9 gm (71.5%), b.p. 183°C, mB? 1.4945. 


c, DECOMPOSITION OF N,N,N-TRIMETHYLHYDRAZONIUM SALTS 


Another versatile method of converting both aliphatic and aromatic 
aldehydes to the corresponding nitriles involves a B-elimination reaction of the 
corresponding N,N,N-trimethylhydrazonium salts with bases [16], which is 
illustrated for the sake of simplicity by the following preparation of benzo- 
nitrile. 


2-4. Preparation of Benzonitrile (16) 


O cH CH 
G 3 3 
(\< + SN-NH, — C \-cr-nn¢ +HO (7) 
HCH, ‘cH, 
cH, |* 


Pains | 
CV -cunnns + CHyl —+ C \ canton, I” @&) 
| 
‘CH, 


CH, 
arena] I- + KOH — 
(Sn + N(CH), + K1+H,0 @) 


In a reflux apparatus equipped with a Dean-Stark water separator, a 
solution of 10.6 gm (0.1 mole) of benzaldehyde and 6.0 gm (0.1 mole) of 
N,N-dimethylhydrazine in 100 ml of dry benzene is refluxed until the theo- 
retical amount of water has evolved. The solution is then concentrated to half 
volume, and, after cooling, 14.2 gm (0.1 mole) of methyl iodide is added. The 
solution is then refluxed for 2-4 hr, even if the hydrazonium salt does begin 
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to separate promptly. The product is separated by the addition of an equal 
volume of anhydrous ether followed by filtration and drying in a vacuum 
desiccator. The trimethylhydrazonium salt may be recrystallized from 
methanol. Yield 26.6 gm (92%), m.p. 233°-235°C, 

The following decomposition should be carried out in a hood. To a solu- 
tion of 5.6 gm (0.1 mole) of potassium hydroxide in 150 ml of methanol, the 
dry quaternary salt prepared above is added. (Normally this reaction is car- 
tied out using sodium methoxide instead of potassium hydroxide.) 

After the evolution of trimethylamine has ceased, the reaction mixture is 
refluxed until the amine odor is no longer detectable. The reaction mixture is 
then diluted with a large volume of water and the nitrile is isolated by extrac- 
tion with ether. 

The ether is separated from the product by distillation. An 85% yield of 
benzonitrile is obtained, b.p. 188°-190°C. If the nitrile formed in the reaction 
is a solid, it normally will separate from the reaction mixture upon dilution 
with water. In that case, the product is isolated by filtration, 


3. CONDENSATION REACTIONS 


A. The Use of Cyanide Salts 


a, ALIPHATIC CYANIDES 


The nucleophilic displacement reaction of both alkyl and aryl halides by 
cyanide ions in dipolar aprotic solvents has recently been studied [2, 7, 17]. 
This reaction can be visualized as a condensation of NaCN with RX to give 
RCN. In the alkyl series, sodium cyanide is usually used with dimethyl 
sulfoxide as the solvent [2, 18]. Some examples from Friedman and Shechter 
[2] are reproduced in Table IL 


TABLE II 
REACTIONS oF ALKYL AND CYCLOALKYL HALIDES WITH SODIUM OR POTASSIUM CYANIDE 
IN DIMETHYL SULFOXIDE* 


Halide Cyanide’ Reaction Reaction Yield of 
temp (°C) time (hr)’ _nitrile (%) 
1-Chlorobutane NaCN 140° 0.25 93 
1-Chlorobutane KCN 120°-140° 10 69 
1-Chloro-2-methylpropane NaCN 140°¢ 05 88° 
1-Chloro-3-methylbutane NaCN 100°--140° 2 85! 
1-Chloro-2-methyl-2-phenylpropane NaCN 120° 24 26 
Benzyl chloride NaCN 35°-40°" 2.5 92" 


p-Nitrobenzyl! chloride NaCN 35°-40° 1 o 
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TABLE I1—continued 
REACTIONS oF ALKYL AND CYCLOALKYL HALIDES with SopiuM oR PoTassiuM CYANIDE 


tN DIMETHYL SULFOXIDE* 
an 


Halide Cyanide’ Reaction Reaction Yield of 
temp (°C) __ time (hr)* nitrile (%) 

2-Chlorobutane NaCN 120°-145" 3 644 
2-Chlorobutane KCN 120°-138°* 24 42 
Chlorocyclopentane NaCN 125°-130° 3 70 
Chlorocyclohexane" NaCN 130°-80° 4 ot 

2-Chloro-2-methylpropane NaCN 130°-105° 4 Qo” 

1-Bromobutane?® NaCN 60°-90* 0.6 92° 
1-Bromo-2-methylpropane NaCN 70° 2 62 

2-Bromobutane NaCN 70° 6 4 


@ Reprinted from L. Friedman and H. Shechter, J. Org. Chem. 25, 877 (1960). Copyright 
1960 by the American Chemical Society. Reprinted by permission of the copyright owner. 

* The ratio of halide (moles), cyanide (moles), and DMSO (ml) usually used was 
1:1.2:250. 

® The reaction time listed is the sum of that for addition of the halide and subsequent 
reaction at the given temperature, 

4 The halide was added in 10 min to the initial mixture at 80°C. The reaction is mildly 
exothermic and was completed by heating to 140°C until refluxing ceased. 

* Bp. 128°C, ng? 1.3926. 

7 Bup. 151°-155°C, n° 1.4047-1.4051; lit. bp. 150°-155°C [H. Rupe and K. Glenz, 
Helv. Chim, Acta 5, 939 (1922)}. 

* The reaction mixture was cooled externally. 

™ Bip. 90.5°~91°C (5 mm), #9? 1.5237-1.5238; lit. b.p. 115%120°C (10 mm), v3? 1.5242 
{J. W. Bruhl, Z. Physik. Chem. 16, 218 (1895)]. 

‘ 4,4’-Dinitrostilbene is formed in 78'7, crude yield, m.p. 286°-288°C; lit. 288°C 
[P. Ruggli and F. Lang, Helv. Chim, Acta 21, 42 (1938); R. Walden and A. Kernbaum, 
Chem. Ber. 23, 1959 (1890)]. 

1 B.p. 123.5°-124°C (742 mm), af? 1.3898-1.3900; lit. b.p. 125°C [M. Hanriot and L, 
Bouveault, Bull, Soc. Chim, France [3] 1, 172 (1889). 

« The halide was added dropwise in 6 hr to the mixture at 120°-125°C; the mixture 
was then heated for 18 hr until it reached 138°C. 

' The reaction mixture became dark and gave cyclohexene, gases, and a black in- 
tractable product. 

™ Upon initiating reaction at 130°C, gases (2-methylpropene, hydrogen cyanide, and 
formaldehyde) were evolved, the temperature dropped to 105°C, and black resinous 
materials were formed, The desired product was not obtained at lower reaction tempera- 
tures, 

® The bromide was added in 30 min to the cyanide mixture at 60°C while effecting 
cooling of the reaction; the mixture was then heated for 15 min at 90°C, 

° Bp. 138°-139°C (742 mm), n3 1.3970. 

” Upon addition of the 2-bromobutane, the temperature was maintained at 55°-60°C 
by intermittent cooling. In subsequent reaction gases were evolved and the mixture 
became progressively darker and malodorous. 
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The reaction is applicable to both primary and secondary halides and to 
a-halo ethers [19]. Iodide ions catalyze the replacement of chlorine. Tertiary 
halides and alicyclic halides tend to form olefins or decomposition products. 
The preparation of pentanenitrile using dimethyl! sulfoxide is representative 
of the procedure. 


3-1. Preparation of Pentanenitrile (Valeronitrile) |2} 
DI 
CHsCH:CH,CH.Cl + NaCN —“S°, CH,CH,CHzCH.CN + NaCl (10) 


CAUTION: See notes at the beginning of this chapter on the hazards in 
handling sodium cyanide. Dimethyl sulfoxide should also be handled with 
caution. This solvent is readily absorbed through the skin, carrying with it 
some impurities which may be present on the skin (¢.g., residual soap), leading 
to physiological reactions. The solvent is also said to reduce the sensation of 
pain. Recently, test animals have exhibited reactions in their eyes upon treat- 
ment with DMSO. 


In a hood, with due precautions, to a rapidly stirred mixture of 53 gm 
(1.08 moles) of reagent grade sodium cyanide in 240 ml of dimethyl sulfoxide 
at 80°C is added 93 gm (1 mole) of 1-chlorobutane over a 15 min period. Dur- 
ing this period the reaction temperature rises rapidly and has to be controlled 
at 140° + 5°C by water cooling. The reaction mixture cools rapidly after the 
addition is completed. 

The reaction mixture is cooled, diluted with water to approximately 1 liter, 
and extracted with three 150 ml portions of ether, 

In the hood, the ether extracts are washed in turn with 6 N hydrochloric 
acid (to hydrolyze a small amount of isocyanide) and with water, and arc then 
dried over calcium chloride. The ether is evaporated and the residue is 
fractionally distilled from phosphorus pentoxide. The pentanenitrile passes 
over at 138°~139°C (747 mm). Yield 77 gm (93%). 


b. AROMATIC CYANIDES 


Aryl halides are frequently converted to the corresponding nitriles with 
cuprous cyanide rather than with alkali cyanides in dimethylformamide [17] 
or in N-methylpyrrolidone [20]. Of these solvents, V-methylpyrrolidone has 
the advantage of being a solvent for cuprous cyanide. The work-up of reac- 
tion mixtures from the cuprous cyanide reaction is somewhat involved since 
cuprous halides form complexes with nitriles. Friedman and Shechter [17] 
recommend three approaches for the decomposition of these complexes: 
(1) Oxidation of the adduct with ferric chloride. Since the resultant cupric 
salts do not complex with nitrile, the product may be isolated readily as des- 
cribed below. (2) Formation of a more stable complex of cuprous and cupric 
ions with ethylenediamine (followed by separation of suspended copper 
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derivatives with sodium cyanide). (3) Destruction of the complexes with an 
excess of sodium cyanide, 

The first separation method is recommended for the relatively nonbasic 
nitriles (cyano acids, esters, ketones, aldehydes, etc.), the other two for more 
basic nitriles (such as cyanopyridines). 


3-2, Preparation of 1-Naphthonitrile |17) 
Br CN 


T 


CAUTION: Although cuprous cyanide may be less toxic than sodium 
cyanide, the notes and precautions given at the beginning of this chapter 
should still be observed, 


In a hood, a stirred suspension of 207 gm (1 mole) of I-bromonaphthalene 
and 103 gm (1.15 moles) of cuprous cyanide in 150 ml of dimethylformamide 
is refluxed for 4 hr, The resulting mixture is then poured into a solution of 
400 gm of ferric chloride hydrate in a mixture of 100 ml of concentrated 
hydrochloric acid and 600 ml of water and maintained at 60°-70°C for 20 
min to decompose the complex. 

The organic layer is separated from the aqueous phase. The hot aqueous 
layer is extracted several times with toluene; the extracts are combined with 
the organic layer, washed with 250 ml of dilute hydrochloric acid (1:1), and 
107, aqueous sodium hydroxide. The organic layer is then filtered to remove 
dark insolubles, dried, and distilled under reduced pressure. After the solvent 
has been separated, the colorless product distills. Yield 144 gm (94%), b.p. 
160°-161°C, m.p. 33°~34°C, 


B. The Sandmeyer Reaction 


The Sandmeyer reaction has been used for the conversion of aromatic 
amines via diazonium salts to nitriles for nearly a century. Yields, however, 
are highly variable. While sodium or potassium cyanide solutions of cuprous 
cyanide have been used to furnish the nitrile group, improved yields are 
sometimes observed when a sodium or potassium cyanide solution of nickel 
cyanide is used [21]. 

The use of a neutral diazonium salt solution and its reaction with the cyanide 
complex at 70°-80°C appears to afford higher yields [22]. These observations 
are suggestive of improvements to be considered in carrying out Sandmeyer 
reactions. Unfortunately the yield data are not sufficiently clear-cut in the 
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report of Hodgson and Heyworth [22] to permit the drawing of definite con- 
clusions, because experiments were carried out with 2-5 gm of the amines, 
Our example is therefore drawn from the somewhat older literature. 


3-3. Preparation of 1-Naphthonitrile [23] 


CO NaNO, ee _NUCNn | se (12) 
NH; 


*NQCI- 
CAUTION: The cautions mentioned at the beginning of this ee in 
regard to handling cyanides must be observed. 


In a suitable open vessel, 28.6 gm (0.2 mole) of l-naphthylamine is dis- 
solved in a solution of 20 ml of concentrated hydrochloric acid in 600 ml of 
hot water. 

With vigorous stirring, the solution is cooled to 0°C and maintained at that 
temperature during the addition in turn of 50 ml of concentrated hydrochloric 
acid and a solution of 14.4 gm of sodium nitrite in 60 ml of water. The slight 
excess of nitrous acid is then destroyed with a small quantity of urea. This 
diazonium salt solution is maintained at ice temperature, while the cyanide 
solution is being prepared. 

In a hood, in a 5 liter flask, with suitable precautions, a solution of 72.7 
gm of nickel nitrate in 100 ml of water is added to 250 ml of a solution con- 
taining 81.4 gm of potassium cyanide in 20 gm of sodium hydroxide. Then 150 
ml of benzene and some crushed ice are added. The diazonium solution is then 
added over a 4 hr period with vigorous stirring while maintaining the tempera- 
ture between 0° and 5°C. The mixture is then allowed to come to room 
temperature with stirring over a 2 hr period, heated to 50°C, cooled, and the 
aqueous layer is separated. Benzene and product are then separated from the 
reaction mixture by steam distillation (continued until 5 liters have been col- 
lected). 

The benzene solution is washed with sodium hydroxide solution and dried. 
After the benzene has been distilled off, the residue is fractionally distilled 
under reduced pressure. 

Redistillation of the fraction boiling between 120° and 200°C at 20 mm 
gave 17.8 gm (58%) of l-naphthonitrile, b.p. 165°-170°C (20 mm). This pro- 
duct quickly solidifies. 


C. Nitriles via Cyanohydrin Formation 


Liquid hydrogen cyanide may be added readily to carbonyl compounds to 
afford cyanohydrins which may be converted to substituted acrylonitriles. 
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Care must be taken in the final distillation of the cyanohydrin since over- 
heating may result in explosive decompositions to the aldehyde and hydrogen 
cyanide [24]. 

The reactions are usually carried out in the liquid phase with an amine or 
cyanide as basic catalysts. High yields can be obtained by carrying out the 
reaction at relatively low temperature and neutralizing the basic catalyst 
before isolating the product. 

The preparation of acetone cyanohydrin is described in the literature [25] 
where sulfuric acid is added gradually to an aqueous solution of acetone and 
sodium cyanide at 10°-20°C. The cyanohydrin is recovered in 77-78", yield 
by decantation, extraction and distillation. 


3-4. Preparation of 2-Chloroacetaldehyde Cyanohydrin and 2-Chloroacrylo- 
nitrile [24] 


° OH 
CL-CHaC + HCN —> Cl-CH,—CH--CN (13) 
a 
on 88 
CI-CH2~CH—CN + cue—o—tcny — 
OCOCH; 
Ch=CHa--CH» CN + CH;COsH (14) 


SiMe THO COLT: > Che CHa--CHCN + CHsCO.H (5) 
CN 


CAUTION: The cautions mentioned at the beginning of this chapter in 
regard to handling cyanides must be observed. The distillation of the cyano- 
hydrin must be carried out with great care—explosion hazard. Use rubber 
gloves and a gas mask suitable for HCN work throughout. 


In a hood, to 8000 gm of a 50%, aqueous solution of 2-chloroacetaldehyde 
(whose pH has been adjusted to 7.5 + 0.5 with solid sodium bicarbonate) is 
added 1580 gm of liquid hydrogen cyanide at a temperature of 0-9°C over a 
2 hr period. The solution is then allowed to stand overnight, treated with con- 
centrated phosphoric acid till the solution has a pH of 2.5 or less, and freed 
of the excess of hydrogen cyanide under reduced pressure at room tempera~ 
ture. Most of the water is then removed by distillation at 50°C (15 mm). The 
resultant solution contains approximately 95%, of 2-chloroacetaldehyde 
cyanohydrin. 

A mixture of 1530 gm of acetic anhydride and 970 gm of the 95° aqueous 
solution of 2-chloroacetaldehyde cyanohydrin (1-hydroxy-2-chloropropio- 
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nitrile) is warmed in turn to 40°C for 2 hr and 100°C for 3 hr. The excess 
acetic anhydride and acetic acid is separated by distillation at 5 mm pressure. 
The residual |-acetoxy-2-chloropropionitrile is distilled at 70°C (215 mm). 
Yield 1200 gm (90°). 

Into a glass tube packed with glass beads, heated to 535°C, 77 gm of 1- 
acetoxy-2-chloropropionitrile is fed over a 2 hr period (contact time, 10 sec). 
The liquid product is collected in a trap at room temperature. Crude yield 
70 gm. 

The crude product is poured into 100 ml of water to which sodium bicar- 
bonate is added until the pH remains at 7.0. The mixture is extracted with 
ether and the cther layer is dried with sodium sulfate. Then the ether is re- 
moved by evaporation. The residue is distilled fractionally. The first fraction, 
b.p. 88°C, is |-chloroacrylonitrile (13 gm). The higher boiling fraction is a 
50:50 mixture of cis- and trans-2-chloroacrylonitrile. Redistillation of this 
mixture affords the trans- isomer, b.p. 118°C, m.p. 45°C and the cis- isomer, 
b.p. 145°-146°C. Both products are lachrymators and vesicants. 


D. Condensation of Existing Nitriles 


a, ALDOLt CONDENSATIONS 


In the aromatic and heterocyclic series, 2-hydroxy-|-nitriles have been pro- 
duced by the condensation of the corresponding aromatic ketones with 
nitriles such as acetonitrile or propionitrile in the presence of sodium amide in 
ether [26]. Evidently reaction conditions were sufficiently mild in this pro- 
cedure that the 1,2-cyanohydrin could be isolated rather than the olefinic 
nitrile expected from an aldol condensation. 

The usual conditions for a Knoevenagel reaction have frequently been used 
to prepare a variety of nitriles. Aldehydes have been condensed with nitriles 
in the presence of piperidine [27], sodium methoxide, and other bases. In the 
example cited, a quaternary ammonium base is used as catalyst [28]. Zinc 
acetate has also been used as a condensation catalyst [29]. 


3-5. Preparation of 1-( 4-Nitrophenyl!)cinnamonitrile \28} 


| 
not \-cnyen + (\c 28 No, F _ e a) 


(16) 
A mixture of 1.5 gm 1-(4-nitrophenyl)acetonitrile and 1 ml of benzaldehyde 
in 10 ml of ethanol is heated to dissolve the solid. Then five drops of a 40%, 


aqueous solution of benzyitrimethyiammonium hydroxide (formerly availabie 
as Triton B from Rohm and Haas Co.) is added. The solvent boils while 
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drastic color changes take place, followed by precipitation of the final pro- 
duct, Yield: quantitative, m.p. 177°-178°C. The color of the product can be 
improved by washing with methanol, followed by recrystallization from 
propanol. 


The preparation of vinylidene cyanide (1,1-dicyanoethene) is based on a 
Knoevenagel-type condensation of formaldehyde with malononitrile. The 
reaction proceeds through the formation of 1,1,3,3-tetracyanopropane which 
can be cracked to yield vinylidene cyanide according to Eq. (17) [30]. 


CN CN CN al CN 
2 du, + HCHO —> H,0 + Oc — CHa + cH a7 
CN 


Since vinylidene cyanide polymerizes rapidly in the presence of moisture 
and bases, great care must be taken to eliminate water from the reaction 
system. Dusting phosphorus pentoxide on glass wool which is suspended in 
the reaction flask, condenser, and receiver assists in preserving the monomer. 

In the experience of our staff, vinylidene cyanide was found to be a very 
hazardous material, Inhalation of a small amount of its vapor hospitalized 
one member of our staff with symptoms resembling asthma. Even residual 
monomer in its polymer appeared to cause this difficulty. 


E, Alkylation of Acetonitrile Derivatives 


Methylene groups adjacent to nitrile functions are sufficiently activated to 
permit their alkylation very much like the methylene groups in acetoacetatic 
esters or malonic esters. A variety of acetonitrile derivatives have been used as 
starting materials for such alkylations; among these are malononitrile, 
cyanoacetic esters, and substituted acetonitriles [31, 31a]. The reactions are 
usually carried out with sodamide as catalyst. Since this catalyst is now 
available commercially as a free-flowing powder, the process should be con- 
siderably simplified, although many workers still prefer to prepare sodamide 
in situ since some explosive hazard is said to have existed with certain batches 
of commercial sodamide [31b]. 

The use of aqueous sodium hydroxide in dimethyl! sulfoxide as an alkylat- 
ing medium of phenylacetonitrile has recently been reported [79]. 


3-6. Preparation of 1-Isopropyl-1-{2-morpholinoethy!)-I+phenylacetonitrile [32] 


To a solution of 83 gm (0.52 mole) of 1-isopropyl-!-phenylacetonitrile in 1 
liter of dry benzene, 20.4 gm (0.52 mole) of sodamide is added in small 
portions. The mixture is refluxed for 2 hr with stirring and 78 gm (0.52 mole) 
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of 2-(N-morpholino)-1-chloroethane is added dropwise after a 1 hr period. 
Refluxing is continued for 6 hr. After cooling to room temperature, the excess 
of sodamide is cautiously decomposed by adding 400 ml of water (enough 
water is used to dissolve all the sodium chloride present). 


cfi, ‘cH, CH,—CH,C) 
ne — 
cd NCH,CH,-C—CN + NaCl + NH, (18) 
Ye Z | 
Bec Be 
ch, ‘cH, 


The benzene layer is separated, and, since the product is a tertiary amine, 
extracted with 1.5 liters of 10% hydrochloric acid. The acid extract is washed 
with 400 ml of ether and then made alkaline with 10% sodium hydroxide to a 
phenophthalein end point. The product separates as an oil which is diluted 
with 1 liter of ether. The ether solution is washed with water until neutral 
and dried with sodium sulfate. Distillation of the extract yields a solid which 
may be recrystallized from ligroin (b.p. 75°-120°C). Yield 118°8 gm (84%), 
m.p. 75.5°-77,5°C. 


If the alkylation is to be carried out with simple alkyl] halides, the final 
work-up would, naturally, involve washing the benzene solution of the pro- 
duct with dilute acid, followed by washing with water until neutral, drying the 
benzene solution, and distilling the benzene solution. Other modifications 
involve evaporating the reaction mixture to dryness, neutralizing, and then 
extracting the product with ether. The ether extract is then dried and distilled 
[33]. 

Both the aldol condensates and the alkylated products of ethyl cyano- 
acetate frequently have to be converted to decarboxylated products, The 
alternative procedures are (1) hydrolysis of the ester function to the free acid 
followed by decarboxylation, which depends on the selective hydrolysis of an 
ester in the presence of a nitrile; (2) pyrolysis of the ester, which appears to be 
a selective reaction in which the ester portion of the molecule is converted to 
ethylene and carbon dioxide [34]. 
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F. Cyanoethylation 


In the presence of an alkaline catalyst, a large variety of reactive hydrogen 
compounds add to olefinic nitriles such as acrylonitrile or 2,4-dicyano-I- 
butene. The reaction with acrylonitrile is, in effect, a chain-lengthening pro- 
cess adding three carbons to a molecule. 

In his review of cyanoethylation, Bruson [35] gives ten classes of active 
hydrogen compounds which undergo this reaction, usually in the presence of a 
basic catalyst. The following equations give examples of the types of starting 
compounds which may be used and the types of products which may be 
formed: 


1, CHa==CHCN + RNHz —» RNHCH2CHaCN (19) 
CH,=-CHCN + RNHCH,CH,CN ——> RN(CH2CH;CN)2 (20) 
2. CHa=CHCN + ROH —> ROCH.CH,CN (21) 
2 CHi=CHCN + CoHsAsHy —> CoHsAs(CHaCH2CN)s (22) 
3. CHa=CHCN + HCl —» CICHsCHsCN (23) 
4, CH,=CHCN + CHCl, —> ClsCCHsCH2CN (24) 
5. 2 CHa=CHCN + CoHsSO2CHCsHy —~—> CoHsSO2C(CHaCHsCN)s (25) 
oHs 
6. CH;=CHCN + CHsNO, —>» CN—CH,CH.CH.NOg (26) 
fo) 
7, CHy=CHCN + R- d CHy —> R- L_crcucHsc), (27) 
COR co.R 
8. CHa=CHCN + CHa —»> CHCH,CH,CN (28) 
CO.R CcO.R 


9. CHy=CHCN + C \-cisen —_— C \-cn-cnsensen 29) 
CN 
om 
10. 2CHy=CHCN + , |— 
SS 
Ch, 


—CH,CH.CN 
= (30) 
c 


oN $ 
CNCH.CH, CH.CH,CN CH: CHa 
pie 
CN CN 
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An example of the cyanoethylation reaction is the preparation of 1,1,1- 
tris(2-cyanoethyl)acetone [36]. In this case, alcoholic potassium hydroxide is 
used as a catalyst, while benzyltrimethylammonium hydroxide is frequently 
used in other preparations. 

3-7. Preparation of 1,1,1-Tris(2-cyanoethyl)acetone [36] 
i 
CHs: d ‘CHy + 3 CHa==CHCN >» CHy—C—C—(CHzCHCN)s GB) 


To a stirred solution of 29 gm (0.5 mole) of acetone, 30 gm of tert-butyl 
alcohol, and 2.5 gm of 30%, ethanolic potassium hydroxide solution main- 
tained between 0° and 5°C, a solution of 80 gm (1.5 moles) of acrylonitrile in 
37 gm of tert-butyl alcohol is added dropwise over a period of 1} hr. Stirring 
is continued for 2 hr at 5°C. Then the product is filtered off. Yield 84 gm 
(79.5%,), m.p. (after crystallization from water) 154°C. 


4, OXIDATION REACTIONS 


Another method of converting aldehydes to nitriles, which is particularly 
suitable in the aromatic series, involves the lead tetraacetate oxidation of 
aldimines formed from the aldehydes in the presence of ammonia [37]. This 
reaction is related to the ammoxidation of aldehydes listed under Miscellaneous 
Reactions (Section 5). 

The preparation of 4-nitrobenzonitrile is a typical example of the procedure. 


4-1. Preparation of 4-Nitrobenzonitrile [37] 


ce) 
ll 
NO» iN © + Ni POOCOCHS). 


Nee 
wo-{ \-ov + Pb(OCOCH,), + PbO, (32) 


A solution of 2 mmoles of 4-nitrobenzaldehyde in carefully dried benzene is 
stirred under nitrogen and dry ammonia gas is introduced at a rate of about 
two bubbles of ammonia per second. While the reaction is cooled in an ice 
bath, 6 mmoles of lead tetraacetate in benzene is added in small portions over a 
1 hr period. When the addition of the lead tetraacetate is completed, the addi- 
tion of ammonia is also stopped. Stirring however is continued until the 
reaction is completed (approximately 16 hr). The reaction mixture is then 
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diluted with ether and the precipitated mixed lead compounds are separated 
by filtration. The product solution is then treated in turn with 10% hydro- 
chloric acid, water, and saturated sodium chloride solution, After drying the 
ether solution with sodium sulfate, the solvent is removed by distillation under 
reduced pressure. leaving a crude nitrile which may be purified by recrystal- 
lization, Yield 81%, m.p. 136°-137°C. 


From the above procedures, the question arises whether suitable reactions 
could not be devised for the conversion of aldehydes to nitriles from the other 
common carbonyl derivatives such as the semicarbazones and the phenyl- 
hydrazones. As a matter of fact, the oxidation of aldehyde N,N-dialkyl- 
hydrazones with hydrogen peroxide has recently been published [81]. 


5, MISCELLANEOUS REACTIONS 


A review article on preparation appears in Chemical Reviews [38]. 
(1) By treating a carboxylic acid salt with an inorganic thiocyanate [39]. 


(RCO,q),Zn + Pb(SCN)s —> 2 RCN + PbS + ZnS + 2COz 33) 


(2) Reduction of unsaturated nitriles, Unsaturated nitriles have been 
hydrogenated to saturated nitriles over palladium on charcoal [40]. Since 
unsaturated nitriles are often prepared from cyanoacetic ester condensations, 
procedures combining the condensation and reduction have been devised [41]. 

(3) Reduction of a-halo nitriles [42]. 


~p ou al 
Ge soc! 
R—C%+ HCN —> R—CON 52% R—cHecN "> R-CH;CN G4) 
\ HOAc 
H H 


(4) Dehydrogenation of primary amines [43]. 


Mi 
R—CH;NH2 ——-> RCN + 2 Ha 33) 


(5) Decomposition of azomethines [44]. Aromatic or heterocyclic aldehydes 
and 4-amino-1,2,4-triazole form azomethines which may be decomposed to 
nitriles: 

I Yt 1 
AT-CH + RC. CR! —> RCL CR! He ACN (36) 


| | 
NH, N=CHAr 
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(6) Ammoxidation of olefins [45]. Large scale industrial processes for the 
preparation of olefinic nitriles are based on the catalytic oxidation of an olefin 
in the presence of ammonia. Few processes have been published and cata- 
lysts are subject to patent applications. The preparation of methacrylonitrile 
is illustrative of the process [46]. 


Heat 
CH,—C=CHa + NH, + 02 ————» CHy=C_CN @7) 
Molybdenum 
He Suide CHe 


Another patent, recommending a variety of other catalysts, involves 
reaction of propylene, ammonia, and oxygen in the presence of steam, and a 
bismuth/molybdenum catalyst with silica as a porous support (SOHIO pro- 
cess) [47]. 

(7) Ammoxidation of aldehydes [48]. Methanolic solutions of aldehydes, 
ammonia, cupric chloride, and sodium methoxide, under oxygen, produced 
nitriles with the same number of carbon atoms as the starting aldehyde. 

(8) Catalytic cyanation of alcohols, olefins, etc. [49]. A variety of alcohols, 
olefins, etc., have been converted to nitriles with ammonia over a nickel or 
alumina catalyst at 300°-420°C according to a number of recent Russian 
reports, 

(9) Nitrile interchange [50]. Refiuxing of adiponitrile with a fatty acid in the 
presence of p-toluenesulfonic acid is said to convert the fatty acid to the nitrile 
with the same number of carbon atoms. 

(10) Preparation of «-Fluoroacrylonitrile [51]. 


cN—C ¢ CN + CH=CH, =", cn C=CHe (15.3% conversion) (38) 


F F 


(11) Addition of HCN to a double bond conjugated with activating groups 
[52, 53]. 


€ \nc¢ \ + HCN —> C)-cng-€ (39) 
CN 


CN CN 


For a detailed review of the addition of liquid HCN catalyzed by KCN, see 
reference [54]. 
(12) From Grignard reagents [55]. 


RMgC! + CICN —> RCN + MgClz (40) 
(13) From cyanogen chloride or bromide by Friedel-Crafts reaction [56]. 


C1; 
ArH + CICN “<8; Arcn + HCI Cs) 
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(14) By halogen replacement of acyl bromides [57]. 
ie} te] 
¢ va 
2R—C + Cu(CN)s —> 2 ae + CusBra (42) 
Br CN 


(15) From Mannich bases [58]. 


i yor i < 
Ar—C—CH,CH.N + KCN —> Ar—C—CH,CH,CN + NH 43) 
CHs Hy 


(16) Addition of hydrogen cyanide to unsaturated compounds [59]. 


fe) 
(\ornet \ +KCNfalc.) ——~> 
° 
(\-cucuc{ (44) 
= én 


(17) Cyanoaminolysis of carbonyl compounds. 


oO NHe 

(a) rer + NaCN + NH,Cl —> R- CN + NaCl + H.0 (48) 
Reference [60] 

H H 

lh | ‘NH | 
(b) R—-C—H + NaHSO, —» R—C--SO,Na ———> R—t—S0.Na (46) 

HH NR’, 
NaCN 

R—C—CN Reference [61] 

NR’, 

(18) Addition of hydrogen cyanide to epoxides [62]. 
“~ 

Cl—CH,CH—CH, + HCN > Cl—CH,CH—CH,CN (47) 


HH 
(19) Addition of diazonium salts to acrylonitrile [63]. 


a 
CuCl, 
ArtNg*X- + CHy=CHCN ——> ArCH CHEN (48) 
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(20) Cyanomethylation reaction [64]. 


C \-sucr + CH,O + NaHSO, 
€ \-y-cnsone NECN (\» —CH,CN (49) 


CHs CH; 


(21) Reaction of quaternary ammonium salts [65]. 


CH,O. . 
2 CH:N(CHa)s 
| + NaCN —> 
Jo 
CH,O 


6-Benzyloxy-5-methoxygramine 
methosulfate 


CH,O. 


a Vem I © laa (50) 


(22) Cyanoethylation of enamines [66]. 
CN 


1. CH,--CH—CN Hic Oo 
OC) SRDS Hits Zn O} id 
ne cH NH 
ge CH 
i chi, ‘CH, 
CH 
Chis CH 


(23) Diels-Alder reaction with acrylonitrile [67]. 


‘CH, 61% endo 
+ CHy=CH—CN —> || CH,| (52) 
i 'H—CN 39%, exo 


(24) Hydrogen cyanide addition to polycyclic «,8-unsaturated ketones [68]. 
In tetrahydrofuran, hydrogen cyanide reacts with a,8-unsaturated ketones in 
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the presence of trialkyl aluminium to afford saturated nitriles. The reaction is 
particularly suitable for polycyclic compounds, and avoids side products 
often observed when sodium cyanide is used. 


(25) Ketonitrile formation from enamines and HCN [69]. 


re) p-toluenesulfonic ae ss 
i ie) 
N 
{ 
H 


acid ICN Y a- 
a Tf EN 
Ser ra 
(CH), (CHa), tHe 
| (53) 
° 
« 
i it 
(hte Ten / 
(CH), : 
| 
(26) Nitrile formation using anionic exchange resins [70]. | 
(27) Pentenenitriles from N-(2-alkenyl)amides by rearrangement [71]. 
{o) R cl 
IL Noe all NiColts)s 
R—CHC—NHCH,CH-CHy + PCls ——*  (CH—C==NCH,CH—CH, —— 
b x 
IR CoN R 
~ | 
ye Cen —> CHyCH—-CH,—CCN (54) 
R'H.C=CH 


(28) Note on cyanocarbon chemistry. The chemical properties of 1,1,2,2- 
tetracyanoethylene were reviewed in 1960 [72, 73] and since that time exten- 
sive additional work on its reactions and the behavior of its derivatives have 
appeared (see, for example, Webster et al. [74, 75]). Tetracyanoethylene is a 
highly reactive reagent capable of undergoing Diels-Alder reactions at ice 
temperatures in a few minutes; of reacting with active hydrogen compounds 
with loss of hydrogen cyanide; and of undergoing cyclizations with hydrogen 


sulfide, for example. Dhar reviewed the chemistry of tetracyanoethylene 
recently [80]. 
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(29) Reissert reaction [76]. 


_ 
+ RCOC] + KCN —+ H (55) 
P4 
N N CN 
COR 


(30) Preparation of isonitriles. The preparation and properties of isonitriles 
have recently been reviewed [77]. Among the more generally applicable 
preparative procedures is the reaction of N-substituted formamide with 
phosgene in a strong base: 


° 
ll 
HC--NHR + COChk + 2R‘sN —> RNC + CO. + 2R4,N—HC1 (56) 


The products are noted for their highly unpleasant odor. 

(31) Preparation of aromatic nitrile oxides. Aromatic nitrile oxides have 
been prepared by dehydrogenation of oximate anions with alkali hypobro- 
mite [78]. 


R—CH=NOH “8, R—cH=No- > r-c=N>0 (57) 
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1. INTRODUCTION 


The reaction of sodium hydrosulfide with active aliphatic or aromatic 
halides yields mercaptans. If aromatic nitro substituents are present, they are 
reduced to amino groups. 


RX + NaSH —» RSH + NaX ql) 


Dihalides yield dithiols. Tertiary aliphatic halides usually give olefins. 

Two other methods which have found general applicability in the labora- 
tory are the reaction of alkyl halides with thiourea with subsequent alkaline 
hydrolysis, and the reaction of free sulfur with aryl lithium or Grignard 
reagents as shown below. 


‘'NaOl 
(NH),CS + RX » NHs—C(SR)=NHa2* + X~ = ai RSH + (NH;CN), (2) 


H, 
ArM + S ——> ArsM and ArSH + MOH (3) 
M = MpX or Li 


A widely used laboratory method for the preparation of sulfides is the action 
of halides on metallic sulfides, 


NaS + 2RX —> R.S + 2 NaX 4) 


The monohydrate of sodium sulfide is a satisfactory reagent to afford high 
yields of symmetrical sulfides, 

The conversion of mercaptans to sulfides is effected by converting to the 
sodium mercaptide and reacting with active halides or dialkyl sulfates, 


RSH —~» RSNa —~~_> RS_R’ 6) 
or Rz—SOx 
Polar solvents such as amides favor this reaction. 
The addition of hydrogen sulfides or mercaptans to olefins is another 
important method for the preparation of sulfides. 


Ht 
RCH=CH, + R’SH ——» RCH—CH, © 
SR’ 
H, 
2: RCH,CH,SR’ 


The reaction of active aryl halides with sodium sulfide yields disulfides. 
2RX + NaS, ——> RSSR + 2NaX (e) 


The oxidation of mercaptans by hydrogen peroxide is the best method of 
preparing disulfides in good yields if the corresponding mercaptan is readily 


480 18. Mercaptans, Sulfides, and Disulfides 


available. Recently it has been reported that dimethyl sulfoxide oxidizes 
thiols at 80°-90°C to give disulfides in good yields. 


2 RSH + [O] —> RSSR + H,O0 (8) 


2. MERCAPTANS (THIOLS) 


A. Condensation Reactions ; 
a, REACTION OF METAL SULFIDES OR HYDROSULFIDES WITH ALKYL HALIDES 


Sodium of potassium hydrosulfide [1-4] react with active halides to give 
mercaptans. Alkyl sulfates and primary or secondary halides act as alkylating 
agents. Since hydrosulfides are reducing agents some structural features of the 
alkylating agent may be reduced. Thus, for example, the nitro group in p- 
chloronitrobenzene is reduced to give p-amino thiophenol [5]. Sodium sulfide 
reacts with 1 mole of an activated halide to give the sodium salt of the thiol. 
The addition of acid liberates the free thiol. In addition hydrogen sulfide may 
be capable of reacting with an intermediate carbonium ion to give a thiol. 


2-1, Preparation of p-Aminothiophenol [5] 


NaS + of \ No, — nsf Vn, °) 


To a flask containing 480 gm (2 moles) of sodium sulfide monohydrate dis- 
solved in 2 liters of water is added 128 gm (0.81 mole) of p-chloronitrobenzene 
and the mixture is refluxed for 8 hr. A small amount of an orange colored oil 
separates which is ether-extracted and discarded. The remaining aqueous 
layer is saturated with sodium chloride and 240 gm (4 moles) of glacial acetic 
acid is added. The liberated oil is extracted several times with ether and the 
ether extract is dried. Evaporation of the solvent leaves a residue which upon 
distillation under reduced pressure yields 70 gm (69%) of product, b.p, 143°~ 
146°C (17 mm), m.p. 43°-45°C (lit. 46°C) [6]. 


2-2. Preparation of Triphenylmethyl Mercaptan {1} 
(CeHs)o—C—Ci + Hs 4Y, (C,H,)>—C—SH + HCI (10) 
To 400 ml of dry dioxane (dried by refluxing with 4% of its weight of 
sodium for 4 hr) is added 100 gm of activated alumina (Alcoa F-20) and 100 
gm of triphenylmethyl chloride. Dry hydrogen sulfide is then passed into the 
mixture below the level of the suspended alumina at such a rate as to agitate 
the solution and to keep the solution saturated. After 15 hr the alumina is 
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filtered and washed with two 50 ml portions of dioxane. The filtrate and di- 
oxane washings are poured into 2 liters of ice water and the contents stirred 
until a granular product precipitates. The product is filtered, and then dis- 
solved in 500 ml of boiling isopropanol. Slow cooling yields 75-80 gm (75- 
80%,) of pale yellow crystals of triphenyl mercaptan, m.p. 106°-107°C. The 
mother liquor yields no appreciable amount of product but a small amount 
of triphenylcarbinol is isolated. 


b. Tae REACTION OF THIOUREA WITH ACTIvE HALIDES 


Thiourea reacts with active halides such as primary [7, 8], secondary [9], 
tertiary [10], allyl [11], and benzyl [7, 8] halides to give S-thiouronium salts. 
Hydrolysis with base yields the mercaptan in good yields and this method is 
excellent for laboratory scale preparations [12]. Isolation usually involves 
either a steam distillation or an ether extraction and sometimes both. An 
improved method [13] involves (1) preparation of the isothiouronium salt in a 
high-boiling solvent, followed by (2) cleavage of the salt with a high-boiling 
amine. The thiol is directly distilled leaving the guanidine salt as a residue. 
This method is not applicable for the preparation of 1,2-ethanedithiol. 


NHHX NHHX 
RX + HNCS—NH, —> RS—C_NH, BM Rsu + Ron UNH, a 


The solvent and amine should be carefully chosen so that their boiling 
points are above that of the desired thiol. Triethylene glycol and tetra- 
ethylenepentamine are readily available at low cost and have been used [13]. 
The time required for a 1 mole preparation is approximately 1 hr. Some of the 
products prepared by this method are summarized in Tables I and II. 


TABLE I 
Turots (RSH)* 


R Bp. (CC) ni? Parity (%) Yield (%) 

CoH. 35° 1.42609 99.7 68 
n—CoH,- 65° 1.4345 98.5 9 
n—CiH- 96-97 1.4407 99.5 11 
n—CsHi- 123-124" 1.4439 100.0 15 
n—CeHiz- 91°-93°/24mm_ =—1.4518 91.7 84 
n—CicHa~ 94°/5 mm 1.4545 100.0 87 


* Reprinted from B. C. Cossar, J. O. Fournier, D. L. Fields and D. D. Reynolds, 
J. Org. Chem. 27, 93 (1962). Copyright 1962 by the American Chemical Society. Re- 
printed by permission of the copyright owner. 
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TABLE II 
Drrniors [HS(CH2)sSH]* 


n B.p. (?’C) ap Purity (%) Yield (7%) 
2 - _- - 0 
3 69°-69°/18 mm 1.5374 98.3 58 
4 75°18 mm 1.5280 97.7 78 
5 1037/20 mm 1.5174 99.4 80 


“ Reprinted from B. C. Cossar, J. O. Fournier, D. L. Fields and D. D. Reynolds, 
J. Org, Chem. 27, 93 (1962). Copyright 1962 by the American Chemical Society. Re- 
printed by permission of the copyright owner. 


2-3. General Procedure for Preparing Alkanethiols Which Boil Below 130°C 
(760 mm) [13] 

Practical-grade triethylene glycol, practical-grade thiourea, Eastman White 
Label grade alkyl bromides, this and the technical-grade tetraethylenepen- 
tamine have been successfully used in the following procedures. The glycol 
and tetraethylenepentamine were heated under vacuum to remove materials 
which boiled below 150°C at 1.0 mm. 

A mixture of 125 ml of triethylene glycol and 83.6 gm (1.1 moles) of thiourea 
is stirred in a | liter flask equipped with a magnetic stirrer, a thermometer, a 
dropping funnel, and a 14 inch, glass-helices-packed column topped with a 
variable reflux ratio still-head. The pot temperature is raised to 75°C and 1 
mole of alkyl bromide is added through the dropping funnel. The reaction 
temperature is kept below 130°C. External cooling is applied when necessary. 
After the reaction mixture becomes homogeneous, the reaction is allowed to 
proceed for an additional 15 min, then 94.6 gm (I mole) of tetraethylene- 
pentamine is added via the dropping funnel. The resulting exothermic 
reaction causes the lower-boiling thiols to reflux. Heat is applied to the reac- 
tion flask and total reflux continued until the head temperature becomes 
constant. Distillation is then begun and the thiol collected. 


2-4. General Procedure for the Preparation of Monothiols and. Dithiols Which 
Boil Above 130°C (760 mm) [13] 

In the apparatus described above, with provision for distillation under 
reduced pressure, a mixture of 250 ml of triethylene glycol and 167.4 gm (2.2 
moles) of thiourea is stirred at 75°C. One mole of dibromoalkane (or 2 moles 
of alkyl bromide for the preparation of monothiols) is added. The mixture is 
stirred until it becomes homogeneous while the temperature is kept below 
130°C. After an additional 15 min of stirring, a vacuum pump is attached to 
the system and the pressure of the flask reduced. Tetramethylenepentamine 
(180.3 gm; J mole) is added cautiously at a rate which prevents foaming or too 
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rapid a reaction. Heat is applied and total reflux is continued until the head 
temperature becomes constant. Distillation is then begun and the product 
collected. 

Procedures 2-3 and 2-4 are reprinted from B. C. Cossar, J. O. Fournier, 
D. L. Fields and D. D. Reynolds, J. Org. Chem. 27, 93 (1962). Copyright 
1962 by the American Chemical Society. Reprinted by permission of the 
copyright owner. 


Another interesting and synthetically useful modification involves the 
direct reaction of alcohols with thiourea in the presence of hydrobromic 
acid to give the s-isothiouronium group [8]. 


SR * 
[ | i NaOH 
ROH + HaNCSNH, + HBr » LHgN—C NHel X~ RSH (12) 


The advantage of this method is that one does not have to first convert the 
alcohols to the bromides as is true in the earlier methods. In fact one may be 
able to substitute the sodium hydroxide with a high-boiling amine and the 
water with an organic solvent as described earlier [13]. 


2-5. Preparation of n-Octyl Mercaptan [8] 
CH,(CHa)s~-CH20H + H2NCSNH, + HBr —~> 


| S-—(CHa)rC! "| + 
NaOH 
HaN-—C—NHg Br- ——>» CH3(CH2)s—CH2SH (13) 


Toa I liter three-necked flask equipped with a reflux condenser and stirrer 
is added 66 gm (0.5 mole) of n-octyl alcohol, 38 gm (0.5 mole) of thiourea, 
and 253 gm (1.5 mole) of hydrogen bromide as a 487, solution. The mixture is 
refluxed for 9 hr with stirring. A sodium hydroxide solution (60 gm/600 ml 
water) is added, nitrogen is passed over the liquid, and the mixture is refluxed 
for 2 hr without stirring. The organic layer is separated and the aqueous layer 
is acidified and extracted with three 50 ml portions of ether. The combined 
organic layer and ether extracts are dried over Drierite (CaSO,) and frac- 
tionally distilled through a 1 ft helix-packed column to yield 54 gm (73%) of 
n-octyl mercaptan, b.p. 86°C (15 mm), #3? 1.4540. 

Under similar conditions, when hydrochloric acid is used, less than 57%, 
ofthe mercaptan is isolated. Using sulfuric acid instead gave approximately 
5%, of the mercaptan. 

A separate experiment in which the thiourea is left out of the reaction mix- 
ture indicates that n-octyl alcohol is converted to n-octyl bromide in the same 
period of time in 82°, yield. 


Yields of mercaptan by this method are as good as those obtained by 
starting with the bromides. The yields are best for primary and poorest for 
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tertiary alcohols due to the latters’ tendency to form olefins. The mechanism of 
this reaction is still not known. It may even be possible to carry this reaction 
out with olefins. 


c. THE REACTION OF ORGANOMETALLICS WITH SULFUR 


Phenyllithium [14, 15] and Grignard reagents [16, 17] react with sulfur to 
give thiophenols or mercaptans. 


d. Hyprovysis oF XANTHATES 


Diazotization of aromatic amino groups and the reaction then with potas- 
sium ethyl xanthate gives a substituted xanthate which can be hydrolyzed to 
the thiophenol [18, 19]. Reaction of carbon disulfide with alcoholic potassium 
hydroxide yields potassium ethyl xanthate [20]. 


KOH 
ArNa*X + CaHsOCSaK ——> CeHsOCS2Ar are ArSH + COS + CzH;OH (14) 


2-6. Preparation of 3-Bromothiophenol [21] 
Br 


or _MaNOs, On, _KS(C=S)OCoHs 
Ng*.Cl” 
I 
1. KOH 
“DHS, C1 15) 
i nai 5 SH 


s 


A | liter flask equipped with a mechanical stirrer and low temperature 
thermometer is immersed in an ice bath. To the flask is added 50 ml of con- 
centrated hydrochloric acid and 50 gm of crushed ice. While stirring, 51.5 
gm (0.3 mole) of m-bromoaniline is slowly added. The mixture is cooled to 
0°C and a cold solution of 22 gm (0.32 mole) of sodium nitrate in 50 ml of 
water is added at such a rate to keep the temperature below 4°C. The cold 
diazonium solution is transferred in 15 ml portions through a dropping funnel 
attached to another flask containing a solution of 70 gm of potassium ethyl 
xanthate in 90 ml of water at 40°-50°C until the entire diazonium solution has 
been added (1 hr). The mixture is then heated for an additional 4 hr, cooled, 
the organic layer separated, and the water layer is extracted twice with ether. 
The combined ether extracts and organic layer are washed with a 10%, 
solution of sodium hydroxide and twice with water. 
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The ether solution is dried, the ether is removed using an aspirator, 300 ml 
of ethanol is added, and the solution heated to boiling. Potassium hydroxide 
pellets (70 gm, 1.2 mole) are then slowly added and the solution is refluxed for 
7 hr. The solution is concentrated by distillation, water is added, and the 
alkaline solution is extracted twice with ether (100 ml portions). The ether 
layer is discarded and the solution is acidified with 6 N sulfuric acid. The acid 
solution is steam-distilled and the product is obtained from the distillate by 
ether extraction (two 100 ml portions). The combined extracts are dried, and 
distilled to yield 28 gm (50%), b.p. 119°-121°C (20-22 mm), n° 1.6310. 


In order to prepare hindered aromatic thiols it has been found that the 
lithium aluminum hydride reduction of the xanthates give higher yields than 
can be obtained with alkaline hydrolysis [22]. For example, o-thiocresol gives 
39%, yields by alkaline hydrolysis versus 89%, using LiAlH, reduction of ethyl 
xanthate. 


e. MISCELLANEOUS METHODS For PREPARING MERCAPTANS 


(1) The conversion of phenols to thiophenols via dialkylthiocarbamates [23]. 

(2) Reduction of sulfonyl halides (24]. 

(3) Reduction of disulfides [25]. 

(4) Addition of hydrogen sulfide to olefins [26]. 

(5) Addition of amines to olefin sulfides [27]. 

(6) Reaction of hydrogen sulfide with alcohols [28]. 

(7) Reaction of aralkyl ketones with HaS-HCI to give gem-dithiols [29]. 

(8) A new synthesis of thiophenols using 2,4-dinitrophenylsulfenyl chloride 
[30]. 

(9) Addition of hydrogen sulfide to unsaturated amines [31]. 


2-7. Preparation of |,3-Di-p-chlorophenybpropane-2,2-dithiol [29) 
Oo 


cot —cHa—& CH.—C,H.—Cl + HaS + HCl —> 
(Cl—CoH,—CH2)a—C(SH)2 + Hi (16) 


A solution of 8.5 gm (0.3 mole) of 1,3-di-p-chlorophenyl-2-propanone in 
300 ml of absolute methanol is slowly added dropwise to a stirred solution 
of 200 mi of absolute methanol saturated with HaS—HCI gas at 0°C. Hydrogen 
chloride and hydrogen sulfide are continuously bubbled through the solution 
during the addition. The temperature is kept at 0°-5°C and after 4} hr the 
reaction flask is stoppered and placed in the refrigerator overnight. The 
resulting solid is filtered and dried in a vacuum desiccator over sodium hydrox- 
ide to yield 9.6 gm (95%), m.p. 90°-107°C. Recrystallization (eight times) 
from n-hexane-benzene yields 2.0 gm, m.p. 121°-124°C (dec) (white crystals). 


486 18. Mercaptans, Sulfides, and Disulfides 


3. SULFIDES 


A. CONDENSATION REACTIONS 
a. REACTION OF SODIUM MERCAPTIDES WITH ACTIVE ALKYL OR ARYL HALIDES 


Sodium mercaptides are prepared from the mercaptans and aqueous or 
alcoholic solutions of sodium hydroxide or alcoholic sodium ethoxide. The 
sodium mercaptide reacts with halides [32-34], chlorohydrins [35], esters of 
sulfonic acid [36], or alkyl sulfonates [37] to give sulfides in yields of 707, or 
more. A recent report [38] describes a general procedure for synthesizing ary! 
thioesters by a nucleophilic displacement of aryl halide with thiolate ion in 
amide solvents. No copper catalysis is necessary as in an Ullmann-type 
reaction [38]. 


DMP 
ArSK + Ar’X > ArSAr’ + KX (i?) 


3-1. Preparation of a-Methylallyl Methyl Sulfide (39) 
CHa=CH—-CH—C1 + CH SNa —-» CH,=CH—CH-~-S—CHs; (18) 
Hy, Hy 


To a flask containing 14.1 gm (0.156 mole) of a mixture of 90%, a-methyl- 
allyl chloride and about 10%, of the crotyl chloride (b.p. 64°-65°C, prepared 
from crotyl alcohol and thionyl chloride [40]) is added 14.0 gm (0.175 mole) of 
sodium methyl sulfide (from methanethiol and sodium methoxide) in 100 ml of 
methanol. The methanolic mixture is refluxed for 1 hr, Fractional distillation 
through a 2 ft spinning band column yields 9.80 gm of a-methylally! sulfide 
(62%), b.p. 103.5°-106.5°C and 1.9 gm b.p. 113°-124°C of a mixture of 
cis and trans-crotyl methyl sulfides. 


3-2. Preparation of a-Methylallyl Phenyl Sulfide (41] 
ies 
H,C=CH—CH—Cl + CgHsSNa ——-> CHg=CH—CH—S—CoHs (19) 
CHs 


To a flask containing 6.8 gm (0.1 moles) of sodium ethoxide in 30 ml of 
ethanol is added 11 gm (0.1 mole) of thiophenol followed by 10 gm (0.11 
mole) of a-methylallyl chloride. The reaction is exothermic and sodium 
chloride precipitates. The reaction mixture is allowed to remain overnight. 
After this time it is no longer alkaline towards litmus. The alcohol and remain- 
ing o-methylallyl chloride are removed at reduced pressure and then 100 ml 
of water is added to dissolve the sodium chloride. An oil is separated, and the 
water layer extracted twice with 25 ml portions of ether. The combined or- 
ganic and ether layers are dried over Drierite, the ether is removed, and the 


§ 3. Sulfides 487 


residue is distilled under reduced pressure to yield 18.2 gm (50%), b.p. 35°- 
36°C (0.05 mm), 42° 1.5564, AEF 256 my (e 4350). Gas chromatography 
indicates approximately 6% of the y-isomer. 


b. THE REACTION OF METALLIC SULFIDES WITH HALIDES 


Sodium sulfide reacts with aqueous alcoholic solutions of the halides to 
give good yields of the symmetrical sulfide [42]. Halides containing f-carboxy 
[43], hydroxyl [44], ethoxyl [45], or diethylamino [46] groups are effective in 
this reaction, Long chain halides give cyclic sulfides [47]. * 


3-3. Preparation of Dibenzyl Sulfide [32] 
2 CeHs—CH,Cl + NazS —-> [CeHsCH2}S + 2 NaCl (20) 


A flask containing 116 gm (0.56 mole) of benzyl chloride in 300 ml of 95%, 
ethanol is heated in a steam bath while a solution of 35 gm (0.45 moles) of 
sodium sulfide in 125 ml of distilled water is slowly added. The stirred mixture 
is heated for 3 days on the steam bath, the alcohol is removed, and the residue 
is distilled under reduced pressure to remove water and unreacted benzyl 
chloride. The residue is placed in a refrigerator until it solidifies and then 
yields 48 gm (83%), m.p. 49°C, 


¢, MERCAPTYLATION OF THE DouBLE BOND 


Mercaptans add to olefins in good yields according to. Markovnikov’s rule 
in the presence of sulfuric acid [48] or sulfur [49] and also in an anti-Markov- 
nikov fashion in the presence of peroxides [49]. Vinyl chloride [49] and allyl 
alcohol [50, 51] give lower yields than conjugated olefinic ketones [51, 52], 
aldehydes [53], esters [54], and cyanides [55]. Cupric acetate is used as a 
catalyst for the reaction of methanethiol with acrolein to £-methylenecapto- 
propionaldehyde in 84% yield [56]. Allene reacts homolytically with methane- 
thiol to give allyl sulfide and the 1,3- and 1,2-dimethylthiopropanes [57]. 


3-4, Preparation of tert-Butyl Sulfide |52] 
(CHs)aC=CHa + (CHs)sC--SH —~> [(CHs)sC—~]S (21) 


To an ice cold mixture of 225 gm (2.3 mole) of concentrated sulfuric acid 
and 65 gm of water is added 50.4 gm (0.60 mole) of sert-butyl alcohol‘at such a 
rate to keep the temperature at 10°C. After the addition of the alcohol, 27 gm 
(0.30 mole) of tert-butyl mercaptan is added over a 30 min period. The ice 
bath is removed and the mixture is warmed to room temperature. The mixture 
is poured into 500 gm of ice, extracted with ether, dried over magnesium sul- 
fate, and concentrated. Distillation of the residue yields 27.9 gm (87%, based 
on the reacted mercaptan), b.p. 148°-149°C. 
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3-5. Preparation of Q-tert-Butylmercaptopropionitrile [57a] 


CH, 
| NaQCH, 

CHy=CH—CN + CHy—C--CH, "> (CHs)sC--S—CHa—CHCN (22) 
SH 


To a flask containing 19.4 gm (0.22 mole) of 2-methyl-2-propanethiol and 
0.20 gm of sodium methoxide is added 38 gm (0.71 mole) of acrylonitrile over 
a 30 min period while some heat is applied to initiate the reaction. The 
temperature is not allowed to rise above 45°C. The contents are stirred at 
25°C for 30 min, and the contents are decanted. The excess acrylonitrile is 
removed under reduced pressure. Upon vacuum distillation there is obtained 
29 gm (95%), b.p. 113.5°-114°C (17 mm), az? 1.4733. 


d. THE PREPARATION OF EPISULFIDES FROM EPOXIDES 


Epoxides react with either thiourea [58], or potassium and ammonium 
thiocyanate [59] at room temperature to give good yields of episullides. 


3-6. The Preparation of 3-Chloropropylene Sulfide (Epichlorosulfide) (35, 58] 
CH,—CH—CH,Cl + NH,CSNH, —> CH.—CH—CHL.Cl + NHaCONH, (23) 
we \7 
oO s 
To a 2 liter round-bottomed flask chilled to 0°C is added 210 gm (2.75 
moles) of thiourea dissolved in 750 ml MeOH. Epichlorhydrin (232 gm, 2,51 
mole) is added dropwise. The solution is stirred at about 0°C for | hr and then 
at 20°C for 3 hr, The solution, at room temperature, is poured into a separa- 
tory funnel containing 2 liters of water, shaken, and the bottom layer is col- 
lected (104 gm), The 104 gm of crude material is dried over Drierite and dis- 


tilled under reduced pressure to yield 40 gm (14.7%), b.p. 79°-80°C (114 mm), 
nee 1.5232, 


3-7, Preparation of Isobutylene Sulfide [59| 


(CHy)aCH—CHy + KSCN ae, (CHy)2-—CH—CH2 (24) 
wa \” 
ce) 

Toa vigorously stirred solution of 97 gm (I mole) of potassium thiocyanate 
in 100 ml of water is slowly added 72 gm (1.29 mole) of isobutylene oxide over 
a period of 5 hr. The top layer is separated and then stirred with a fresh solu- 
tion of 50 gm (5.16 mole) of potassium thiocyanate in 100 ml of water for an 
additional 5 hr while keeping the temperature below 40°C. The organic layer 
is dried and fractionally distilled to yield 64 gm (73%), b.p. 84°-86°C, 2° 
1.4641. 


/ 
# 
i 
| 
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e, MISCELLANEOUS METHODS FOR PREPARING SULFIDES 


(1) Haloalkylation of mercaptans [60]. 

(2) Reaction of epoxides with HS or mercaptans [61]. 

(3) Reaction of mercaptans with lactones [62]. 

(4) Reaction of sodium sulfide on dithiocyanates to give episulfides [63]. 
(5) Reaction of mercaptans with sulfur to yield trisulfides [64]. 

(6) Reaction of carbon monoxide with thiols, sulfides, and disulfides [65]. 
(7) Reaction of aromatic thiocyanates with trialkyl phosphites [66]. 

(8) Condensation of formaldehyde with thiols [67]. 


4. DISULFIDES 


A. Condensation Reactions 


The reaction of alkyl halides [68] or activated ary! halides [69] with sodium 
disulfide produces disulfides in good yields. 1,3-Dihalides [70] yield cyclic 
sulfides and polysulfides are produced with two to five equivalents of sodium 
sulfide. The hydroxyl [71] or nitro [72] groups do not interfere with the reac- 
tion. 


4-1. Preparation of Di-n-amyl; Disulfide [68] 
2. CHa(CHa)sCH2Br + NagS, ——> [CHs(CHa)sCHakeSz (25) 


To 180 gm (0.75 mole) of sodium sulfide dissolved in 750 ml of 95% 
ethanol is added while refluxing 24 gm (0.75 mole) of sulfur. The mixture is 
stirred until the sulfur dissolves, This hot solution is added to 151 gm (1.0 
mole) of n-amyl bromide in 250 ml of 957, ethanol at such a rate in order to 
maintain gentle refluxing (20 min). The mixture is refluxed for 3 hr and then 
allowed to stand overnight. One-third of the alcohol is removed under reduced 
pressure and the remaining solution is extracted with 500 ml of benzene. The 
extract is washed several times with water, dried, and distilled to yield 62 gm 
(697,), b.p. 90°-92°C (1 mm), 3° 1.4875. 


B. Oxidation 


Hydrogen peroxide oxidation of mercaptans yields disulfides [73-75]. 
Other useful mild oxidizing agents are iodine in ethanol [76] or alkaline solu- 
tions of iodine [77]. Amino or halo groups do not interfere with the reaction. 
Dimethyl sulfoxide has been reported to give good yields of disulfides by 
oxidizing thiols at 80°-90°C [78]. For example 1-butanethiol and benzene- 
thiol give 867, and 100% yields, respectively [78a]. 
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4-2. Oxidation of Benzenethiol (Thiophenol) to Diphenyl Disulfide Using Di- 
methyl Sulfoxide \78a] 
2 CesHs—SH + (CHs)28=O0 > CsHs—S—-S—CeHs + H2O0 + (CHs)aS (26) 


To a 250 ml three-necked flask equipped with a magnetic stirrer, thermo- 
meter, a nitrogen gas inlet tube, and an outlet trap cooled in Dry Ice is added 
11 gm (0.1 mole) of benzenethiol and 50 ml of dimethy sulfoxide. The flask is 
flushed continuously with a slow stream of nitrogen while the contents are 
heated with stirring at 80°C for 18 hr. The solution is poured into a tenfold 
volume of ice water and after standing 3 hr, the precipitated disulfide is 
filtered, washed three or four times with water, and dried under reduced pres- 
sure to yield 10.8 gm (100%), m.p. 61°-62°C. 


C. Miscellaneous Methods for Preparing Disulfides 


(1) Reaction of sulfonyl halides [79]. 
(2) Decomposition ofialkyl thiosulfates (80, 81]. 


4-3. Preparation of Di-n-butyl Disulfide [81] 
C,H,Br + Na—S—SO,0Na —> C,H»S—SO,0Na ——> 
(C,HoS)2 + NazSO. + SOz = (27) 


To 137 gm (1.0 mole) of 2-butyl bromide in 500 ml of ethanol is added 
300 gm of sodium thiosulfate dissolved in 400 ml of water. The mixture is 
refluxed for + hr and then 140 gm (2.5 mole) of potassium hydroxide in 300 ml 
of water is added. The mixture is heated for another 4 hr and the disulfide 
separates as an oil, The alkali sulfate and sulfite salts are precipitated and 
filtered off. After extraction with ether the combined organic layer is distilled 
to yield 42 gm (47%) of a slightly yellow liquid, b.p. 226°C (760 mm), n2° 
1.4926. 
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1, INTRODUCTION 


The first reported synthesis of a sulfoxide was by Marcker [1] in 1865. The 
methods [la] generally involve the controlled oxidation of a sulfide by 
oxidizing agents such as hydrogen peroxide [2], ozone [3], peracids [4], 
hydroperoxides [5], manganese dioxide [6], selenium dioxide [7], nitric acid 
[8], chromic acid [9], dinitrogen tetroxide [10], iodosobenzene [11], and others. 
The chemistry of dimethyl sulfoxide for the period 1961-1965 has recently 
been reviewed [12]. 


rs 2, ps0 ro) 


2, OXIDATION METHODS 


A recently reported method describes the convenient use of sodium 
metaperiodate as an oxidizing agent to form sulfoxides from sulfides free of 
sulfone contaminants [13]. The method finds use in preparing linear and 
cyclic aliphatic or aryl sulfoxides as shown in Table I [13]. 

The reaction is carried out by adding the sulfide in a methanol-water 
mixture to a slight excess of 0.5 M aqueous sodium metaperiodate at ice bath 
temperatures. Higher temperatures lead to sulfone formation. The reaction is 
complete in 3 to 12 hr and yields of 90% or better of the sulfoxide are ob- 
tained. A more recent example ofthe use ofisodium metaperiodate for this 
reaction has been reported [14]. 


R,S + NalO, —> R,SO + NalOs Q) 
493 


TABLE I 


SuLroxipes PropuceD BY Sop1uM METAPERIODATE OXIDATION OF THE CORRESPONDING SULPHIDES" 
i 


Name Structure Yield M.p. BP.) (CO) 
(A) Found Reptd. 
(CHa)s_ 
va \, peek 
1-Thiacyclooctan-5-one Of so 91 91°-92° —_ 
1-oxide (CHa): 
(CHa)a_ 
1-Thiacyclohexan-4-one Of zZ 97 109°-110° 113% 
l-oxide (CH): 
Methyl 4-ketopentyl CH,SO(CH,);COCHs 98 22.5°-23.5° _ 
sulfoxide (99°-101°/ 
0.12 mm) 
Phenyl sulfoxide (CoHs)2SO0 98 69°-71° 69°~71 °F 
Methyl phenyl sulfoxide CH;SOC,Hs 99 29°-30° 29.5° 
(83°-85°/0.1  (104,5/0.7 
mm) mm)" 
Thian 1-oxide {CH2);SO 99 67°-68.2° 60°~61.5° 
(CHa)s. 
; : if \ : 
1,4-Oxathian 4-oxide Ow so 83* 47.2 44.5°-45"! 
(CHa)2 
Bis(2-diethylaminoethyl)  [(C2Hs)aN(CH2)alSO 85" Dipricate — 
sulfoxide 146°-148° 
1-Benzylsulfinyl-2- CeHsCHzSOCH,COCHs 89 126°-126.5° 125°" 
Propanone 
Acetoxymethyl methyl CH;COOCH,SOCH; 72 (85°-90°/0.1 —_ 
sulfoxide mm) 
Phenylsulfinylacetic acid? CgH;SOCH,COOH 99 118°-119.5° 113°115°" 
Benzyl sulfoxide’ (CgHsCHa),SO 96 135°-136° 132°-133° 
Ethyl sulfoxide (CaHs):S0 65* = (45°-47°/0.15  (88°89°/15 
mm) mm} 


* Carbon tetrachloride solution. 


repeat their preparation. 
« H. H, Szmant and R. L. Lapinski, J. Am. Chem. Soc. 78, 458 (1956). 
H. C. Struck, and W. J. Jorison, J. Am. Chem. Soc. 52, 2060 (1930). 
(log « 3.3), 233 (4.2) [H. P. Koch, J. Chem. Soc. p. 2892 (1950)]. 
F. Hiibenett, Ana. Chem. 579, 193 (1953). 


Soc. 74, 1943 (1952). 


®© Yield based on technical thioxane. 


* Chloroform solution. 


© G. M. Bennett and 
W. B. Waddington {/. Chem. Soc. p. 2829 (1929}] reported m.p. 113°C, but were unable to 
* Repeated purification procedures did not improve analysis. 


‘R. L. Shriner, 
9 ASSES 974 my 
*L, Homer and 
*C.C. Price and J. J. Hydock, J, Am. Chem. 
4M. Tamres and S. Searles, Jr., J. Am. Chem. Soc. 81, 2100 (1959). 
' French Patent 859,886 (1940) Chem, Abstr. 42, 3783 


A 


PaxS=O Formula CH) H(A) Other identifying 
cm-*) Caled. Found Caled. Found properties, Remarks 
1049° CC, Hi2028 52.48 52.46 7.55 7.86 = vemo* 1710 cm-? ex- 
tremely hygroscopic 

10557 C,H,0.S 45.43 44.724 6.10 6.19 ome? 1725 em-* 

1058 = CsH,0,8 48.66 48.86 8.17 8.25 3, 1.4873, vomo” 1718 
em-? 

1033") CyaHioOS _ _ _ - AGBESO! 274 mp (log € 
3.2) 233 mp (log « 
4.1) 

1050 = C, H,0S. 59.90 59.75 5.71 6.18 Very hygrascopic 

10452 =CsHicOS Liquifies immediately on 
exposure to the at- 
mosphere 

1026 C,H,O,S _ _ _ _ Hygroscopic 

_ Dipricate 40.80 40.98 4.86 5.16 — 
CasHasNoOisS 

1046 CioHa 2028 61.17 61.33 6.16 6.22 ¥9=o” 1705 cem-+ 

1044" CyHgOaS 35.28 35.17 5.92 5.80 mB? 1.4798; vemo* 1762 
em™? 

1015 =«CyH,O.S aad _ _ _ Voun* 1732 em~* 

1025 = =9Cy,Hi.OS 73.00 73.12 6.13 6.06 Analytically pure after 
single crystallization 
from ethanol 

1047" = C4 Hip0S - = = _ ne? 1.4676 


(1948). ™ Crude yield. No formal purification of free base was made. Characterized as the 
dipricate. = C. Wahl, Chem, Ber. 55, 1449 (1922), ° Isolated by lyophilization of reaction 
mixture, followed by extraction » «1h hot ethyl acetate. ? A. Tananger, Arkiv, Keri, Mineral. 
Geol, 24A, No. 10 (1947). * Nujol mull. * Oxidation by 0.25 M. sodium metaperiodate 
in 50% methanol. * Lower yield due to incomplete extraction. Ethyl sulfone (5%) was 
formed during heating used toconcentrate reaction mixture priortoextraction. *R, Pummerer, 
Chem. Ber. 43, 1401 (1910). * Reprinted from N. J. Leonard and C. R. Johnson J. Org. 
Chem. 27, 283 (1962). Copyright 1962 by the American Chemical Society. Reprinted by 
permission of the copyright owner. 
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CAUTION: Dimethyl! sulfoxide has been reported to be easily absorbed 
through the skin and to then pass into the blood stream. Others have given 
some indication that skin irritation or burns and eye injuries may result from 
prolonged exposure to sulfoxides [15]. Therefore, great caution should be 
exercised in handling and preparing sulfoxides since these compounds possess 
this great tendency of skin penetration. 

A laboratory explosion has been reported in the preparation of methyl 
sulfinyl carbanion with sodium hydride and dimethyl sulfoxide [16]. 


(CH),S0 + NaH —» CH,SOCH2~Na* + Ha @) 
Whether this occurs with other sulfoxides is unknown. Chapter 9 should be 


consulted for a further discussion of the possible hazards involved in the use 
of this reagent. 


2-1, General Method. of Oxidation of Sulfides to Sulfoxides Using Sodium 
Metaperiodate [17] 


To 210 ml (0.105 mole) of a 0.5 M solution of sodium metaperiodate at 0°C 
is added 0.1 ml of sulfide. The mixture is stirred at ice bath temperature, 
usually overnight. The precipitated sodium iodate is removed by filtration, and 
the filtrate is extracted with chloroform. The extract is dried over anhydrous 
magnesium sulfate, and the solvent is removed under reduced pressure. The 
sulfoxide is purified by distillation, crystallization, or sublimation. 


A method of limited applicability is the reaction of dimethyl sulfoxide with 
straight chain aliphatic sulfides which leads to an oxygen exchange reaction 
yielding a new sulfoxide [18]. 


RS + (CHy),SO0 [= R2SO + (CHy)2S () 
This reaction has potential usefulness but a further investigation is required to 
extend its scope. 

The reactants are heated at 160°-175°C for 8-12 hr and the dimethyl sulfide 
is removed as it is formed (b.p. 37°C), The product is separated from the black 
tarry mixture by reduced pressure distillation. Attempts to apply this reaction 
to di-rert-butyl, diphenyl, and pentamethylene sulfides and 3,3-dimethylthi- 
etane failed. However, yields of 55-58% of the sulfoxide were obtained from 
di-n-propyl, di-n-butyl, and tetramethylene sulfides. 


2-2. Preparation of Tetramethylene Sulfoxide |19} 


The preparation of tetramethylene sulfoxide by the hydrogen peroxide 
oxidation of tetramethylene sulfide is illustrative of a general method for the 
preparation of sulfoxides in the laboratory or on a commercial scale, For 
example, dimethyl sulfide and diphenyl sulfide give 50% and 68%, yields, 
respectively, of the corresponding sulfoxides [19]. 
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Eton CH»—CHa CH:—CH2 
BrCHa2CH,CHzCH,Br + NazS ——> | | H,O2 é 
HO CH, CH: ——> CH, CH, (5) 
N 7 \7 
s 
‘ 
fo) 


To a round-bottomed flask containing 30 gm (0.34 mole) of tetramethylene 
sulfide and cooled with an ice bath is added dropwise with stirring 39 gm 
(0.36 mole) of 30% hydrogen peroxide. The mixture is stirred for 1 hr in the 
ice bath at which point a homogeneous solution is obtained. After standing 
overnight the water is stripped off under reduced pressure and the oil is dis- 
tilled to yield 31.8 gm (90%), b.p. 105°-107°C (12 mm), n?? 1.5198. 

A more recent application of this method is found in procedure 2-3. 


2-3. Preparation of 1,4-Dithiane-1-oxide [20] 


$ 

S. s. S 
(J +10 serxcoon — C J+0 ® 

s i) S$ 

4 } 

i?) 


To a solution of 10.0 gm (0.083 mole) of 1,4-dithiane in 250 ml glacial 
acetic acid is added dropwise a solution of 4 ml (0.042 mole) of 30% hydrogen 
peroxide in 125 ml of glacial acetic acid at 23°-25°C, The mixture is stirred for 
15 hr after the addition and is then distilled to remove the glacial acetic acid 
and unreacted 1,4-dithiane, The aqueous residue is evaporated, water is 
added, and the mixture is again evaporated. The remaining residue (5.2 gm) 
is added to 40 ml of boiling ethanol and the insoluble material (disulfoxide) is 
filtered off. Concentrating the ethanol solution yields 2.5 gm (22%) ofi the 
monosulfoxide, m.p. 125°C. The product is recrystallized from benzene. 

The chemistry of trimethylene sulfide (thietane) [21] is similar to that of: 
tetramethylene sulfide, including hydrogen peroxide oxidation to the cyclic 


sulfoxide. 
oe: 101, 0 (a) 


However, practically all thiiranes (ethylene episulfides) have been reported 
to undergo ring-opening to the sulfonic acid upon oxidization [22]. In some 
cases, polymers are formed [23]. 


Zz 
ucdcHs + Perbenzoic acid —> Polymer (8) 
(polyethylene sulfone?) 
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Most recently it has been reported that ethylene episulfide is oxidized with 
sodium metaperiodate in aqueous methanolic solution in 65% yields to 
ethylene episulfoxide [24]. 


oO 
: 
A A 
H, CHZOH 
HCH + NalO. ee cH -CHs + NalOs 9) 


b.p. 46°-48°C (2.0 mm), 35 1.5210 


Using the same technique propylene episuifoxide, cyclohexene episulfoxide, 
and styrene episulfoxide were synthesized. 


3. MISCELLANEOUS METHODS 


(1) The oxidation of sulfides to sulfoxides by dibenzyl selenoxide (C;H;—~ 
CH,)2SeO [25]. 

(2) Vanadate catalysis of the hydrogen peroxide oxidation of sulfides to 
sulfoxides [26]. 

(3) The reaction of N-bromosuccinimide with acyl sulfides in aqueous 
media to give sulfoxides [27]. 

(4) Thermal rearrangement of sulfenates to sulfoxides [28]. 

(5) Preparation of 1-azulyl sulfoxides by electrophilic substitution using 
alkyl or arylsulfinyl chlorides [29]. 

(6) The preparation of symmetrical diaryl sulfoxides by the reaction of 
arenes with thionyl chloride and aluminum chloride [30]. 
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1, INTRODUCTION 


The oxidation of either sulfides or sulfoxides yields the corresponding 
sulfone. Some of the oxidizing agents that are described in the literature are 
hydrogen peroxide [1], peracids [2], oxygen, ozone, organic peroxides, potas- 
sium permanganate [3], potassium persulfate [4], sodium hypochlorite, hypo- 
chlorous acid, ruthenium tetroxide [5], oxides of nitrogen, nitric acid [6], and 
anodic oxidation. 

Salts of sulfinic acids, especially benzene sulfinites are easily alkylated by 
primary [7], secondary [8], benzyl halides [9], and alkyl sulfates [7] to sulfones, 


ArSO.Na + RX — >» ArSO.R + NaX ay 


Aryl halides also undergo this reaction provided the halogen is activated by 
nitro groups in the ortho or para position [10]. 

The Friedel-Crafts condensation reaction of aromatic hydrocarbons with. 
sulfonyl! chlorides yields sulfones [11]. 

The reaction of Grignard reagents with sulfonyl chlorides also yields sulfones 
[12]. 

Sulfones are produced as by-products in the sulfonation of aromatic 
hydrocarbons, probably as a result of the condensation of the sulfonic acid 
with unreacted hydrocarbon [13]. A more recent modification of preparative 
value is described in the Miscellaneous Methods section. 


ArSOsH + Ar'H —°> ArsO.Ar’ 7) 


500 
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2. OXIDATION METHODS 


The most useful reagents for the laboratory preparation of sulfones are 
30%, hydrogen peroxide [!] or nitric acid. Other reagents have also been 
described (14]. 


2-1. Preparation of Tetramethylene Sulfone || 
CH, HLC—--CH, 


HAC 
+ HQ, —» i 
Hac. CH, 202 Hic <5” CH, 


O, 

To a flask containing 8.8 gm (0.1 mole) of tetramethylene sulfide is added in 

One portion 22.8 gm (0.2 mole) of 30°%, hydrogen peroxide. The reaction is 

exothermic and after | hr the solution becomes homogeneous. The solution 

is refluxed for 4 hr and then water is distilled off over a 1 hr period. The re- 

maining solvent is stripped off under reduced pressure to leave 11.7 2m (87%) 
of colorless tetramethylene sulfone, m.p. 10°~10.5°C. 


2-2. Preparation of Sulfones by the Nitric Acid Oxidation of Sulfides and. 
Sulfoxides [6} 
Nitric acid oxidizes sulfides to sulfoxides and then to sulfones at elevated 
temperatures (130°-180°C). The reaction appears to be favorable for the com 
mercial preparation of sulfones from sulfides or sulfoxides since the nitrogen 


TABLE I 
Nitric Acip OxipaTION oF SULFIDES AND SULFONIDES TO YIELD SULFONES* 


(3) 


Material Quantity Quantity Reaction Reaction Sulfone M.p. = Yield 
oxidized oxidized nitric temp time produced (%' 
(mole) acid eC) (min) 
(moles) 

Dimethyl 

sulfide 1.00 3.0 122°-148 85 Dimethyl 109° 85 
Diethyl 

sulfide 0.45 0.96 140° 120 Diethyl 74° 77 
Di-n-propyl 

sulfide 0.33 1,33 115°-150° 45 Di-n-propyl 26° 97 
Di-n-butyl 

sulfide 0.33 1.33 96°-120° 80 Di-n-butyl 43° 89 
Di-n-octyl 

sulfide 0.33 1.33 126 -176° 12 Di-n-octyl 73° 83 
Dimethyl 

sulfoxide 0.42 0.64 120°-150* 240 Dimethy! 109° 86 


4 Reprinted from D. W. Gohcen and C, F. Bennett, J. Org. Chem. 26, 1332 (1961). Copy- 
right 1961 by the American Chemical Society. Reprinted by permission of the copyright owners, 
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oxides can be recovered. Some of the results using this method are sum- 
marized in Table I [6, 15]. 


3. RS + 8 HNO; -——> 3 R,SO, + 6 NO, + 2 NO + HL.0 (4) 
R.SO + 2 HNO, —» R.2SO, + 2 NO. + HO (5) 


The sulfide and concentrated nitric acid are carefully mixed together at 
room temperature at a molar ratio of 1:2 to 1:6 and heated until the brown 
fumes cease to evolve. The dialkyl sulfoxides are heated in a similar manner. 
The results and experimental conditions are summarized in Table I. 


3, CONDENSATION METHODS 


Sulfones and polysulfones have been prepared from alkyl halides and so- 
dium dithionite (Na,S,0,) [16]. The by-products are SO. and sodium halide. 
Both reactants should be in solution and dimethylformamide (DMF) is a 
preferred solvent. 2 

The condensation of sodium sulfinitcs with active halides as described 
earlier produces sulfones. For example, the condensation of sodium p- 
acetaminobenzenesulfinate and p-chloronitrobenzene yields 4-nitro-4'-acetyl- 
aminodiphenyl sulfone in 50-52%, yields [17]. Reduction of the latter gives 
4,4'-diaminodiphenyl sulfone in 74-77%, yields [10]. Sodium benzenesulfinate 
condenses with benzyl chioride to give a 52%, yield of phenyl! benzyl sulfone. 


3-1. Preparation of Dibenzyl Sulfone [16] 


& Scr + Na,S,0, -2ME_ en 


To a round-bottomed flask is added 9.0 gm (0.05 mole) of sodium dithionite 
(sodium hydrosulfite), 12.6 gm (0.1 mole) of benzyl chloride, and 100 ml of 
dimethylformamide. The mixture is heated at 110°C with stirring for 9 hr and 
then poured into ice water in order to precipitate the product. Recrystalliza- 
tion from ethyl alcohol gives 2.0 gm (17%) of crystalline dibenzy! sulfone, 
m.p. 150°%~151°C, 


3-2. Preparation of Poly(p-xylylene) Sulfone [16] 


_ 
cmc cnc + Na,S,0, -OME 
| H.C € 5-c1s0,-) + SO. + 2NaCl (7) 

‘ 


SO,+SO,+2NaC} (6) 
2 
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To a stirred mixture of 18 gm (0.10 mole) of p-xylylene dichloride in 
dimethylformamide at 100°C is slowly added 18 gm (0.1 mole) of sodium 
dithionite. The reaction mixture is stirred for about 8 hr at which time the 
sulfur dioxide evolution ceases as indicated by a bubble counter. During the 
reaction a white dispersion is formed and then the mixture is poured into 
water to give a pale yellow solid. The solid is washed with hot ethanol and 
dried to give 10 gm (60%) of the polymer, m.p. > 360°C. The infrared spec- 
trum is similar to that of dibenzyl sulfone, C-—H, 3.4u (strong); C—H aro- 
matic, 6.2, 6.6 (strong); C--H deformation, 6.75, 7.02y (very strong); SO., 
7.6, 8.95y. (very strong). 


3-3. The Friedel-Crafts Preparation of Dimesity! Sulfone |11} 


$0,c! 
Ct 2 _ CHs CHa 
\ + AIC, + ca 
S J 
CHy 
CH, CH; 
;* 
T\ 0.4 Vom @ 
eer \=/ 
Xx 
CH; CH, 


“Toa mixture of 147 gm (0.674 mole) of mesitylene sulfonyl chloride, 100 gm 
(0.83 mole) of mesitylene, and 1 liter of carbon disulfide in a flask equipped 
with a stirrer and a condenser with a drying tube is slowly added 100 gm (0.75 
mole) ofialuminum chloride. A mild reaction occurs while the addition takes 
place and then the mixture is refluxed for 11 hr. The carbon disulfide is re- 
moved by distillation and the contents of the flask is poured into ice. The 
product is filtered, dried, and is obtained in 75%, yield (153 gm). The product 
is crystallized from glacial acetic acid, m.p. 202°-204°C (corrected). 


3-4, Preparation of Phenyl Benzyl Sulfone \17, 18) 
CeHsSO,Na + CyHsCH.C! 2H, CoH80.CHaCsHs + NaCl (9) 
To a flask containing 178 gm (1 mole) of sodium benzencsulfinate is added 
127 gm (1 mole) of benzyl chloride in 500 ml of absolute alcohol. The mixture 
is refluxed for 8 hr and the hot mixture is poured into ! liter of ice water. The 
crude product is filtered, dried, and recrystallized from ethanol, to give 120 gm 
(52%), m.p. 146°-146.5°C. Note: The sulfiniate does not completcly dissolve 
during the reaction and sodium chloride is precipitated at the samé time. 
Dimethylformamide may be a more useful solvent. 
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w-Nitroolefins can be converted to sulfones by the basic addition of 
hydrogen sulfide or thiols and subsequent oxidation with 30%, hydrogen 
peroxide in glacial acetic acid [18]. 
CH,C—-CH, + CH,SH “2, cH, CH. CHASCH, a 
NO, NO, 
CHg—-CH » CH2--SO.CHs (10) 


NOs 
M.p. 69°-70°C 


4, MISCELLANEOUS METHODS 


(1) The preparation of thiosulfones, RS-SOR [19]. 

(2) Oxidation of sulfides with hydrogen peroxide catalyzed by sodium 
vanadates [20]. 

(3) Preparation of pyrimidyl sulfones [21]. 

(4) Reaction of formaldehyde and sulfinic acids [22]. 

(5) Reaction of 1,2-cyanoethylene and organic sulfinic acid salts [23]. 

(6) New catalysts for the oxidation of mercaptoethanols to sulfones [24]. 

(7) The synthesis of aryl sulfones by the condensation of aromatic sulfonic 
acids with aromatic hydrocarbons in polyphosphoric acid [25]. This method 
appears to have the advantage that the starting materials arc more easily 
obtained, The reaction is run at 80° for about 8 hr in most cases. The isolation 
of the product is simple and gives a much purer product than in the Friedel- 
Crafts method. For example, 3.8 gm (0.02 mole) of p-toluenesulfonic acid 
monohydrate, 2.1 gm (0,02 mole) of m-xylene, and 60 gm of polyphosphoric 
acid yields after 8 hr at 80°, 4.0 gm (77°,) of p-tolyl-2,4-dimethylphenyl 
sulfone, m.p. 49° (recrystallized from ethanol). 
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1, INTRODUCTION 


The literature on the sulfonation reactions is voluminous and several 
earlier reviews are worth consulting [1-5]. The industrial aspects of sulfona- 
tion with SO, to produce dodecylbenzenesulfonate salts and lauryl sulfate 
salts (sulfation reaction) have been reported in detail in an article also dis- 
cussing plant design [6]. The use of sulfonation reaction to produce surfac- 
tants has been described [5]. 
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The industrial chemist will find several references to the direct sulfonation 
of polymers to produce ion exchange resins and water-soluble materials. For 
example, chlorosulfonic acid is used to treat polyviny! chloride to give an ion 
exchange resin [5]. In addition polystyrene and phenol formaldehyde resins 
are also sulfonated [5]. 

The most direct preparation of aromatic sulfonic acids is by the replace- 
ment of the hydrogen atom by one of the reagents shown below [7, 8]. 

H,SO, 
$O,-H2SO, 
SO, in dioxane 
SO, in pyridine 


$0,H 
a SO, in SO, 
| + CISO,H — O )) 
WN NaHSO, 
H,SO, + P.O; 
{CiSO_),0 + AlCl, 
$O,Cl, + AICls 
$0,Cl, + CISO3H 
These sulfonations are more commonly used in the laboratory than the 
indirect methods which involve the oxidation of thiols, sulfinic acids, di- 
sulfides, or the conversion of the diazonium group into a sulfonic acid group. 
Olefins have been found to react by a free radical addition with thiolacetic 
acid to form thiolacetates, which yield sulfonic acids upon oxidation by 
hydrogen peroxide-acetic acid [9]. 


Hyg0;-CH,COOH 
RCH=CH, + CHyCOSH —> RCH;—CHsSCOCH, ——————> 


RCH,CH,S0O3H (2) 


‘Where R represents straight and branched groups; the olefin can be ter- 
minal and internal. 

In addition sodium bisulfite reacts with olefins by a free radical mechanism 
to give sodium sulfonates [10]. 


RCH=CH; + NaHSO, —> RCH;—CH,SO:Na Q) 
re) 
ll 
He—C 
| JO + NaHSO, —> NaSO,—HC— if 
He—c | p 4) 
Il H,C-C 


The Strecker synthesis involves the reaction of an active ales compound 
with alkali or ammonium sulfites to give good yields of sulfonic acid salts [11]. 


RX + Na,SO; ——> RSO;Na + NaX G) 


508 21, Sulfonic Acids, Sulfonic Acid Derivatives, and Sulfinie Acids 


Sulfinic acids are related to sulfonic acids and are made either by the direct 
reaction of sulfur dioxide with diazonium salts, Grignard reagents, hydro- 
carbons and AICI;, or by reduction of the sulfonyl halide. 


AtNa* 
SQ. + ArMgX —> ArSOQ.H 0) 
ArH + AICI, 
Zn, NaaCO, 
2. RSO.Cl —— 2. RSO.Na 7) 
V———_—__ 


Sulfonamides are useful derivatives of sulfonic acids and are made by 
reacting sulfonyl haiides with amines, The sulfonamides are solids and tables 
of the more common sulfonamides exist in the literature so that identification 
of an unknown is facilitated. 


2, SULFONIC ACIDS 


A. The Reaction of Sulfuric Acid and Its Derivatives with Aromatic Hydro- 
carbons 


Sulfuric acid is satisfactory for the sulfonation of the more reactive aro- 
matic hydrocarbons. However, a large excess of reagent is required to give 
a good yield since the reaction is reversible. 


SO;H 


ae 
+H,SO, ==> || + H.o (8) 
SS 


Removal of the water as it is formed will drive the reaction to completion and 
will allow one to use the stiochiometric amount of sulfuric acid [12]. Aro- 
matic sulfonic acids hydrolyze easily when heated in the presence of water and 
dilute acids. 

Solvents are employed to moderate the sulfonation reaction as in the case 
of biphenyl [13], where chlorosulfonic acid in chloroform or tetrachloroethane 
is employed to give monosulfonation, A solvent also minimizes the formation 
of sulfonyl chlorides [14]. 

The sulfonic acids are usually isolated as their sodium salt and then 
hydrochloric acid is added to give the sulfonic acid [15]. The sulfonic acids 
are hygroscopic solids or liquids which are difficult to purify. 

CAUTION: Some sulfonations are exothermic and may take place with 
explosive violence when the reaction is conducted at an elevated temperature. 

Heating a solution of p-nitrotoluene and sulfuric acid at 160°C initiates an 
exothermic reaction which results in an explosion [16]. 

Benzene is monosulfonated at room temperature with the aid of sulfuric 
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acid [17] and at 70°-90°C to m-benzenedisulfonic acid [18]. Sodium m-ben- 
zenedisulfonate is converted to 1,3,5-benzenetrisulfonic acid in 73% yield by 
heating at 275°C with 15% oleum and a mercury catalyst [19]. 


2-1. Preparation of Sodium Benzenesulfonate |20] 


NaCl 
CoHe + HsSO, —> CyHsSO,H + HO ——> CoHsSO;Na 0) 


To an Erlenmeyer flask is added 39 gm (0.50 mole) of distilled benzene and 
29 ml (53 gm, 0.52 mole) of concentrated sulfuric acid. The stoppered flask is 
shaken and put aside for 2 days. The upper benzene layer is separated. The 
sulfuric layer is added dropwise to 200 ml of a cold saturated (40 gm NaCl) 
sodium chloride solution. The yield of sodium benzenesulfonate after filtra- 
tion and drying at 100°C is 13 gm ((14.5%) reported 52 gm) [17]. The saturated 
solution may be concentrated to about 100 ml to yield an additional 5 gm 
(5.5%) of sodium benzenesulfonate. The product is recrystallized from hot 
ethanol (95%,) using 15-18 ml of ethanol for each gram of sodium benzene- 
sulfonate. 


The sulfonation reaction is reversible and the sulfonic acid group can 
migrate with changes in the temperature of the reaction (Jacobsen rearrange- 
ment) [21]. For example, the sulfonation of toluene is temperature-dependent, 
as is 


CH, CH, CH, CHy 
SO3H : 
|| + Haso, 2°, + + 10) 
Ss ‘ ~SO.H 
\ SOH 
4 100°C 43%, 4%, 53%, 
CH, CHs CH, 
Z~_ SOK 
170°C { (yy 
_ ~SO,H 
SO,H 
\ 13%, 8%, 19%, 
CH, 
a 
| (12) 
Ss 
SO,H 


shown above [22]. The sulfonation of naphthalene is similarly effected [23]. 
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(967,) 


+H0, [ms = 
16s (14) 


(857,) 


2-2. Preparation of p-Toluenesulfonic Acid [20] 


CeHsCHs + HaSO, —> p—HSO;—C,H.—CHs + HO + some (15) 
ortho and meta isomers 


To an Erlenmeyer flask is added 53 mi (0.5 mole) of distilled toluene, a 
boiling chip, and 29 mi (52 gm, 0.52 mole) of concentrated sulfuric acid. The 
mixture is gently refluxed by heating in an oil bath. The flask is gently 
swirled so that the toluene and sulfuric acid can react. (A stirring hot plate 
would be more convenient.) After about 1 hr the toluene layer is almost gone 
and there is very little return of toluene. The flask is cooled and the crystals 

-are filtered to give 79 gm (83%) of crude p-toluenesulfonic acid monohydrate. 
The acid is crystallized from chloroform and dried to give 71 gm, m.p. 104°- 
106°C. The product is predominantly the para isomer but contains small 
amounts of the ortho and meta isomers. Azeotropic removal of water has been 
reported to aid this reaction and increase the vield [24]. 


2-3. Preparation of Durenesnlfonic Acid [25] 
SO,H 


CHs CH, CH; i 
Ist + H,SO, —> + H,O (16) 

CHs CHs CHs Hy 
To an Erlenmeyer flask is added 10 gm (0.0785 mole) of durene and it is 
then covered with 27 mi (50 gm) of a solution of 1 part of 607, fuming sulfuric 
acid and 2 parts of concentrated sulfuric acid. The reaction mixture is stirred 
vigorously and any lumps of durene are broken up. The temperature rises 
about 20°C during the reaction and after 5-10 min it is poured with stirring 
into 250 gm of ice. The liquid is filtered immediately from the unmelted ice 
and unreacted durene. To the liquid filtrate at 0°-5°C is added concentrated 


sulfuric acid until it causes the material to solidify. The solid is filtered by suc- 
tion and pressed to remove entrained liquids. The solid is dried on a porous 
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plate and durenesulfonic acid is obtained in 94%, yield (18.6 gm), m.p. 110°- 
112°C. The solid is recrystallized by dissolving in a minimum of 20%, hydro- 
chloric acid at 80°C, cooling to 0°C, filtering and drying to yield 14 gm (70%), 
m.p. 113°C. 


2-4. Preparation of Sodium 4-Phenoxyhenzenesulfonate [26] 


CeH,O—C.H, + HaSO, —> CcHp—O—C.H.—S0,H NOH, 


CeHsO—C,HsSO;—Na (17) 


To a flask containing 170 gm (1 mole) of diphenyl] ether and 100 ml acetic 
anhydride is slowly added with agitation 69 ml (1.2 moles) of 95% sulfuric 
acid, The mixture is warmed on a steam bath for 1 hr and then poured into 
1 liter of ice water. The unreacted diphenyl ether is filtered off and the sodium 
sulfonate of diphenyl ether is obtained by adding 80 gm (2 moles) of sodium 
hydroxide in 250 ml of water. The salt is filtered and dried, and yields 212 gm 


(93%). 


The sulfonation reaction is catalyzed by some metallic salts such as 
HgSO,, CaSO,, Al,(SO,)s, PbSO,, and FeSO, but not by MnSO, [27, 28]. 

The sulfonate group has been found to be affected by the steric character 
of the aromatic groups. For example, tert-butylbenzene is sulfonated pre- 
dominantly in the 4-position [29]. Other examples can be found in the litera- 
ture [30]. 


2-5. Preparation of Potassium 1-Methylnaphthalene-4-sulfonate [31] 


CHs CHs CH, 
rome OO) 
SO,H SO,K 


A flask containing 200 gm (1.41 moles) of o-methylnaphthalene in 425 ml of 
carbon tetrachloride is stirred with a tantalum stirrer and cooled to —7° to 
0°C while 169 gm (1.45 moles) of chlorosulfonic acid is added dropwise. As 
the chlorosulfonic acid is added, the product precipitates. The mixture soon 
becomes very thick and one must stir the contents manually. The supernatant 
solvent is decanted and to the residue is added 800 ml of water. Most of the 
solid dissolves and the solution is filtered. A layer of carbon tetrachloride 
separates and is rejected. The solution is neutralized with potassium hydroxide 
and the precipitated sulfonate is filtered and dried at 100°C (22 mm) to yield 
322 gm (88%). The potassium salt can be recrystallized with 95% recovery 
from water. 
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Several functional groups may be present in the aromatic ring during the 
sulfonation reaction, such as hydroxyl [32], phenoxy] [21], carboxyl [33], and 
halo [32]. Amines react with sulfuric acid and are then rearranged to the 
amino sulfonic acid derivative by heating [34]. For example [34]. 


CH, CH, CH, 


LO oNH .._ .NH,SO,H ~ NH 
as an rT Ts * i 
+ H,SO, — | Seas | 

TS. Sy ea 
. SO,H 
(79-83",,) 


(19) 


The sulfonation of o-toluidine with fuming sulfuric acid at 180°C gives the 
sulfonic acid directly [35]. 

The sulfonation of some heterocyclic nuclei is difficult. For example the 
yield of 3-pyridinesulfonic acid is only 13% by sulfonating at 390°C with 
oleum, However, the yield may be increased to 70% by the use of a catalyst 
such as mercuric sulfate [36-38]. 

It is easier to sulfonate heterocycles containing an aromatic ring. For 
example, 2-dibenzofuransulfonic acid is prepared in 75%, yield by heating a 
mixture of dibenzofuran and concentrated sulfuric acid for I hr [39]. In addi- 
tion benzoguanamine is sulfonated in 96.5%, yields with fuming sulfuric acid 
at 85°C [40]. 


B. The Strecker Synthesis 


The halogen groups of halogen compounds, especially reactive halogens, is 
easily replaced by the ~SO,Na groups to give sodiumsulfonic acid salts [41]. 
Aliphatic compounds give high yields but branched chains give lower yields. 
tert-Butyl bromide yields only 23%, of the sulfonate salt [42, 43]. Higher 
temperatures are required for high molecular weight halogen compounds. 


2-6. Preparation of B-Phenoxyethanesulfonic Acid [44] 


CoHsOCH,CH,CI + NaHSO ~--* CgHsOCH,CH, §$O,Na —2-» 
CsH;OCHsCHs—SOsH_ 20) 


To a flask containing 469.5 gm (3.0 moles) of 8-chloroethyl phenyl ether is 
added a solution of 390 gm (3.0 moles) of sodium bisulfite in 1380 ml of water. 
The mixture is stirred vigorously and refluxed for 21 hr. Upon cooling to 20°C 
a crystalline precipitate of sodium f-phenoxyethanesulfonate appears. The 
product is washed with ether, and dried at 125°C to give 289 gm (43). 

An aqueous solution of 288 gm (1.29 moles) of the sodium salt is passed 
through an ion exchange column containing 454 gm of Dowex—5OX, a cation 
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exchange resin in the hydrogen form. Evaporation gives an almost quantita- 
tive recovery of 8-phenoxyethanesulfonic acid which after drying over phos- 
phorous pentoxide in vacuo melts below 100°C. 


2-7, Preparation of Sodium Isoamyl Sulfonate |42| 
CHs CHs 

ChgGR cH ORs + NaHSO, —-»> CH, ¢H—-CHls—CH,S0.Na (21) 

To a flask containing 36.6 gm (0.243 mole) of isoamyl bromide is added 
250 ml of a saturated solution of sodium bisulfite. The mixture is refluxed 
until the two layers disappear (approx. 24 hr). The sodium salt is obtained 
from the solution by evaporating to dryness and purified by repeated frac- 
tional crystallization from a 75% aqueous alcohol solution until the salt 
obtained is free of bromide. The yield is 40.4 gm (95.7%). 

The free acid may be obtained by passing an aqueous solution of the sodium 
salt through a column with a suitable cation exchange resin (in hydrogen 
form). 


C. The Addition of Bisulfites to Olefins 


Bisulfites add to olefins by a free radical process in a contrary Markovni- 
kov addition [45, 46]. The reaction gives good yields with double bond 
compounds containing electron-withdrawing groups and with triple bonds. 
For example, Kharasch [47] found that the bisulfite addition to styrene is air- 
catalyzed and gives three products with 2-hydroxy-2-phenylethanesulfonic 
acid (III) predominating (65%). 


CH=CH, 
+ HSO;" —> 
OH 
CH,—-CH,SO;H = CH CHSO,H oe 
(t) S 


Recently the Sik addition has been shown to be greatly increased by 
using an organic perester and a water solution of an iron salt. For example, 
Cio-Cao primary olefins heated to 160°F in the presence of NaHSO, (0.016 
mole Fe/mole olefin), tert-butyl perbenzylate, and 867, methanol gives 14.5%, 
conversion after 2 hr but adding 0.001 mole Fe/mole olefin gives a 44.27, 
conversion after 1.5 hr [48]. 

Acetylenes also add bisulfite to give disulfonic acids in good yields [46]. 
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D. Reactions of Sulfur Trioxide to Yield Sulfonic Acids [49] 

CAUTION: For all reactions involving sulfur trioxide one should wear 
rubber gloves and a face shield. The reaction should be carried out in a 
hood. 


The reactions most often encountered with sulfur trioxide are [49] 


8 . RSO.H — Sulfonation [50] (23) 
so ROH  ROSOsH Sulfation {50} (24y 
RsNH . R,NSO3H_ N-Sulfamation (25) 


The reaction of sulfur trioxide (chloroform solution) with benzene is very 
fast at 0°-10°C and yields of 90%, of benzenesulfonic acid are isolated [50, 51]. 
In contrast, sulfuric acid and benzene (equal volumes) reach equilibrium when 
refluxed for 20-30 hr to give about 80%, benzenesulfonic acid [52]. Sulfur 
trioxide is either used in chlorinated solvents such as chloroform, or ethylene 
chloride, or in sulfuric acid (oleum). Sulfur dioxide is also a good reaction 
medium for SO, sulfonations. Benzene is sulfonated by SO;-SO, to give 
benzenesuifonic acid in yields greater than 95%, [53, 54]. 

The addition compounds of sulfur trioxide and bases such as pyridine or 
trimethylamine are weak sulfonation reagents. The less basic the agent form- 
ing the addition compound with SO, the more active it is as a sulfonation 
reagent. Thus, SO;-SO; (S20) > SO;-CISO3H. SO;-H,SO, (H2S,0;) > 
SO,-dioxane [55] > SO-pyridine [56] > SO;-(CHg)3N. 

The SOs{CHs)3N complex has a low solubility in organic solvents but 
dissolves in water, 1.8 gm per 100 gm at 25°C. It is used for sulfating alcohols, 
phenols and for sulfamating aromatic amines and proteins [49]. 

Heterocycles react with SO,-pyridine complex more cleanly than with 
sulfuric acid. There is very little reaction with SO;-(CHg);N. Furan, thio- 
phene, pyrrole, and indole derivatives are described in detail using SO, 
pyridine in a recent review [49]. 

The reaction of CISOsH with pyridine yields an immediate formation of 
SO5-pyridine and a mole of pyridinium chloride. 


2CyH5N + CISOsH —> SO,C3HsN + CsHgNHCi (26) 


When the reaction is carried out in chloroform, the complex can be sepa- 
rated while the pyridinium hydrochloride is soluble in chloroform [57]. 

Olefins react with SO,-dioxane to give unsaturated sulfonic acids in good 
yields, For example, styrene reacts with sulfur trioxide in ethylene dichloride 
to give 58-65%, yields of sodium f-styrencsulfonate [58, 59]. The reaction of 
styrene with sodium bisulfite in the presence of oxygen gives 2-hydroxy-2- 
phenylethane sulfonic acid in 58% yields [47]. 
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Ni 
CoHsCH==CH, + SOs-dioxane —> C,H,CH:=CHSO,H CH, 


CsHsCH=CHSO,Na_ = (27) 
NaHSO, 
CeHsCH=-CH2 —-——» CyHsCH-—CH,SO,Na (28) 
(Oxygen) 1 
OH 
The use of sulfur trioxide as a sulfonating agent has been known for a long 
time [60]. The technique for its application to the sulfonation of benzene has 
already been mentioned. In addition sulfur trioxide can be used to sulfonate 
a-hydrogen positions of acids [61]. 


2-8. Preparation of a-Sulfopalmitic Acid. |62| 
CHa(CHa):sCHzCOOH + SO, —» CH;(CH2),sCH -COOH (29) 
{ 
SOjH 
To 256 gm (1 mole) of palmitic acid in | liter of tetrachlorocthylene is 
slowly added 128 gm (1.6 moles) sulfur trioxide. The reaction mixture is 
neutralized to give monosodium salt, extracted twice with hot acetone, and 
crystallized four times from water to give 218 gm (61%). Crude yields range 
in the order of 80-90%. 


E. Oxidation Reactions 

The most important oxidation method for the preparation of sulfonic acids 
involves the oxidation of mercaptans with KMnO, [63]. CrO, [63], Bry + 
H,0 [64], HNO, [65], and H,O, [66]. 


rso (2, Rso,H (30) 
2-9, Oxidation of Sodium a-Mercaptopalmitate to Sodium a-Sulfopalmitate |62] 
1, H20 
2 u 
CRASH Ee tree + NaOBr pcealcire CH,(CH2),3--CH: COOH GI) 
SH SO,H 


To a flask is added 5.4 gm (0.017 mole) of sodium «-mercaptopalmitate, 
100 ml water, and 14 gm of sodium carbonate. Bromine is added dropwise 
with cooling. After the addition the solution is acidified and extracted with hot 
acetone. Concentration of the above yielded a solid which upon recrystalliza- 
tion from water gives a 43% yield. 


Recently it has been reported that sulfonic acids have been prepared in 
56-917, yields from a series of |-olefins and cyclooletins by the free radical 
addition of thiolacetic acid to form the thiolacetates followed by hydrogen 
peroxide-acetic acid oxidations [67]. 

1, CH\COSH 


RCHs<CHz -—--————__> RCH,CH,SO,H (32) 
2. HyO2-CH,COOH 
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3. DERIVATIVES OF SULFONIC ACIDS 


The most common derivatives of sulfonic acids are the sulfonyl chlorides 
and the sulfonamides. Benzenesulfonyl chloride is made by reacting sodium 
benzenesulfonate with PCI, or POCI,; at 180°C [67]. Chlorosulfonic acid is 
also useful for the conversion ofiaromatic hydrocarbons to sulfonyl derivatives 
and can be used in the characterization of unknown hydrocarbons [68]. 


CHCl. RN 
R—CyHs + CISOsH *+ R—CsH,SO.Cl Lary R—C,H,SO:NHR = (33) 


R--CgH4SO3Na + PCI or POCI; 


Some hydrocarbons which yield solid sulfonyl chloride derivatives are 
shown in Table I. The sulfonyl chloride group is introduced into the aromatic 
nucleus by treatment with excess chlorosulfonic acid in chloroform [69]. 


TABLE 1 
SoLip SULFONYL CHLORIDES FROM ALKYLBENZENES* 


Hydrocarbon, R~benzene Sulfonyl chloride, R-ben- Yield M.p. (°C, 


R= zenesuifony] chloride R = oo) uncor.) 
Me- 4-Me- 61-65 64°-66" 
1,2-Di-Me- 3,4-Di-Me- 74-86 52° 
1,3,5-Tri-Me- 2,4,6-Tri-Me- 65-72 50°-52° 
tert-Bu 4-tert-Bu- 100 80°-82" 
1,2,3,4-Tetra-Me- 2,3,4,5-Tetra-Me- 95 12-13" 
1,2,4,5-Tetra-Me 2,3,5,6-Tetra-Me 100 98°--99" 
Penta-Me- Penta-Me- 98 77°-78.5° 
1,3-Di-Me-5-ter?-Bu- 2,4-Di-Me-6-ter?-Bu-(?) 97 66°-67° 
Cyclohexyl- 4-Cyclohexyl- 51°-52.5° 
1,2,4,6-Tetra-iso-Pr- 2,3,5,6-Tetra-iso-Pr- 77-86 141,5°-142° 


@ Reprinted from E. H. Huntress and F. H. Carten, J. Am. Chem, Sec. 62, 513 (1940). 
Copyright 1940 by the American Chemical Society. Reprinted by permission of the copy- 
right owner. 


The sulfonyl chlorides can also be converted to sulfonamides by treatment 
with ammonium carbonate [69] and these yield solid derivatives even from 
liquid sulfonyl chloride compounds [68]. A list ofi sulfonamide derivatives is 
given in Table II (see pp. 518-519). 

Sulfonyl chlorides have also been prepared by the reaction of Grignard 
reagents first with SO, and then with chlorine gas [70]. 


RMgCl + SQ, —-> RSO,MgCt 3 RSO,Cl+ MgCls G4) 
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Aliphatic hydrocarbons can also be chlorosulfonatcd to sulfony! chloride 
derivatives [71]. For example 2,3-dimethylbutane yields 20%, 2,3-dimethyl- 
butane-|-sulfonyl chloride by such a procedure [71]. 


3-1. Preparation of p-Chlorobenzenesulfonyl Chloride (72) 


CHC 
ch € _y-s08 Na + CISO,H - cl ¢ » ~S0,C1 (35) 


Toa flask cornibing 335 gm (1.56 moles) of dry sodium p-chlorobenzene- 
sulfonate in 700 ml of chloroform is added dropwise with stirring 370 2m (3.18 
moles) of chlorosulfonic acid at such a rate as to keep the temperature below 
60°C, The addition takes about 15 min. The resulting thick reaction mixture is 
heated at 55°-60°C for 6 hr, cooked, and poured into ice water. The organic 
layer is separated, washed three times with cold water, dried with CaCl., and 
the solvent removed. Distillation of the residue yields 293 gm (89%), b.p. 
140°C (12 mm), m.p. 52°-53°C. 


3-2. Preparation of Phenoxybenzene-4,4'-disulfonyl Chloride (20, 22] 
CsHs—O—CgHs + 2 CISO3H —~> Cl--SOg~CaHy—O—CoHi—SOgC! + 2 HzO (36) 
To 85 gm (0.5 mole) of diphenyl ether is added dropwise 200 ml of chloro- 
sulfonic acid. After stirring for 2 hr the mixture is poured into cold water, and 
thecrude productis filtered. The yield obtained is 160 gm(88",,), m.p. 118°-120°C 
(crude), m.p, 128°-129°C after recrystallizing from petroleum ether (b.p. 
90°-120°C). 
A. Sulfonic Esters 
Aliphatic and aromatic sulfonyl halides react with alcohols to give high 
yields of sulfonic esters. A basic medium is required and can be obtained using 
sodium hydroxide, the sodium or potassium salts of the alcohol reacting ia 
pyridine is also a satisfactory procedure [73-75]. 


3-3. General Procedure for the Preparation of Alkyl p-Toluenesulfonates [76} 


Pyridine 
ROH + p-CHy~CyHiSO.Cl ———-—> _ p-CHyCyH,SOz0R (37) 


Esters prepared from aleahols with more than 10 carbon atoms are solids. 

To a solution of | mole of the alcohol and 4 moles of pyridine cooled 
below —20°C is added portionwise with stirring 1.1 moles of p-toluenesul- 
fonyl chloride, The reaction mixture is stirred for 2 hr after the addition while 
cooling to keep the temperature below 20°C. The reaction mixture is then 
treated with 300 ml of concentrated hydrochloric acid in | liter of ice for each 
0.5 mole of alcohol starting material. The ester which separates is filtered with 
suction, dried, and recrystallized from alcohol or petroleum ether. 

For example, lauryl alcohol yields 757, ester, m.p. 30°C, and stearyl 
alcohol yields 57%, ester, m.p. 56°C. 
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TABLE Ii 
SULFONAMIDES FROM ALKYLBENZENES* 


R-Benzene R= R-Benzene-!-sulfonamide R = Yield M.p. CC, un- 
(%) cor.) 
H ~ 23 150,0°-150,5° 
Me- 4-Me- 36-44 135.5°-136%* 
Et- 4+Et- 73-95 109°-1 10°" 
1,2-Di-Me 3,4-Di-Me- 67 143°~144°%°.¢ 
1,3-Di-Me- 2,4-Di-Me- 78 136.8°=137°% %* 
1,4-Di-Me- 2,5-Di-Mc- 84 145.5°-146,5°" 
n-Pr- 4-n-Pr- 65-95 107°-108** 
iso-Pr- 4iso-Pr- 82-88 104*S°-105,5°* 
1,2,4-Tri-Me- 2,4,5-Tri-Me- 52 175°-176" 
1,3,5-Tri-Me- 2,4,6-Tri-Me- 57 141,5*-142.5° 
n-Bu- 4-n-Bu- 80 94,5°-9S7R. 1" 
sec-Bu- 4-sec-Bu- 63-72 81.0°-82.5° 
fert-Bu- 4tert-Bu- 100 136°-137% 
iso-Bu 4-iso-Bu- 82 84°-85° 
iso-Me-4-i-Pr- 2-Me-S-iso-Pr- 84-87 114,5°+-115.5% 
1,3-Di-Et- 2,4-Di-Et-(?) S7-S8_—_98*-99°" 
1,3-Di-Me-4-Et- 2,4-Di-Me-S-Et-(?} 80-85 147°-148° 
1,2,3,4-Tetra-Me-~ 2,3,4-Tetra-Me- 85 183.5°-184.0° 
1,2,3,5-Tetra-Me- 2,3,4,6-Tetra-Me- 82 141,5*-142° 
1,2,4,5-Tetra-Me- 2,3,5,6-Tetra-Me- - 153°-154° 
n-Am- 4-n-Am- 80-100 85.5°-86.5"" 
tert-Am- A-tert-Am- 89-90 -83°--847.0 
1,3-Di-Me-4-2-Pr- 2,4-Di-Me-5S-n-Pr-(?) 79-82 90°-93° 
1,3-Di-Me-4-is0-Pr- 2,4-Di-Me-S-iso-Pr-(2) 68 155.5°-156° 
1,3,5-Tri-Me-2-Et- 2,4,6-Tri-Me-3-Et- 64-71 131°-132° 
Penta Me- Penta Me- 90-92 182*--183° 
n-Hexyl- 4-n-Hexyl- 81 85°-85.5°° 
1,3-Di-Me-4-fert-Bu- . 81 128°-130°%« 
1,3-Di-Me-S-rert-Bu 2,4-Di-Me-6-tert-Bu-(?) 86 132°-133' 
1,3,5-Tri-Et- 2,4,6-Tri-Et- 94 118*--118.° 
1,4-Di-tert-Bu- 2,5-Di-tert-Bu oe 135.5°-136,5°¢+7 
a-Nony!- 4-n-Nonyl- 54-67 94.5°-9S*R te 
n-Undecy!- 4-n-Undecyl- _ 95.7°-96.2°" 
Cyclohexy! 4-Cyclohexyt- 85-87 180°--180.5" 
1,2,4,5-Tetra-iso-Pr- 2,3,5,6-Tetra-iso-Pr- 80-85 154.5°-155°" 


* The m.p.m. (melting point of a mixture) of the sulfonamides (m.p. 135.5-136.5°C 
uncor.) from 1,4-di-rert-Bu-benzene and that (m.p. 136°~137°C uncor.) from tert-Bu- 
benzene was not depressed, i.¢., m.p. 135.5°-136.5°C uncor. However, each of these 
compounds when mixed with p-toluenesulfonamide (m.p. 136°C uncor.) or with m- 
xylenesulfonamide-4 (m.p. 136.5°-137°C uncor.) showed substantial depression to 
9S5°-115°C. 

> The m.p.m. of this product with the corresponding sulfone (m.p. 97.5°-98°C) was 
78°-95°, 
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4, SULFINIC ACIDS 


Sulfinic acids are either made by the reduction of sulfonic acid chlorides 
[72] or by the reaction of SO, with hydrocarbons (AICl,-catalyzed) [76], 
organometallics [77], or the diazonium salt [78]. 

The reaction of SO, with the diazonium salt usually gives excellent yields. 
The replacement of the diazonium group by SO, is catalyzed by such metals 
as copper, copper bronze [78], or zinc dust-CuSO, compositions. 

The preparation of aliphatic sulfinic acids has been reviewed [79]. 


* The m.p.m. of the sulfonamides from o-xylene and nz-xylene was 112°-115°C. 

4 The m.p.m, of the sulfonamides from o-xylene and p-xylene was 114°-120°C. 

* The m.p.m. of the sulfonamides from az-xylene and p-xylene was 108°-112°C. 

‘The m.p.m. of the sulfonamides from i-Pr-benzene and iso-Pr-benzene was 83°- 
93°C. 

* The m.p.m, of this sulfonamide and the corresponding sulfone (m.p. 105-107 C 
uncor.) was 75"-86°C. 

* The m.p.m. of the sulfonamide of n-undecylbenzenes with that from #-nonylbenzene 
was 85°~91°C; with that from #-butylbenzene 60 —84 C; with that from sm-diethylbenzene 
70°-80°C, 

‘The m.p.m. of the sulfonamides from #-butylbenzene and #-nonylbenzene was 86 -- 
94°C. 

J The m.p.m. of the sulfonamides from sec-butyl- and iso-buty|benzenes was 80 «84 C, 

* The m.p.m. of the sulfonamides from #-amyl- and fert-amylbenzenes was 55 --75 C. 

‘The m.p.m. of the sulfonamides from i,3-di-Me-4-rert-Bu-benzene and 1,3-di-Me- 
5-tert-Bu-benzene varied in the range between the values of the two individuals. 

™ This product could not be obtained from the sulfonyl! chloride via the ammonium 
carbonate method but only by Jong treatment of the dry ligroin solution with gaseous 
ammonia. Recrystallization of the suifony! chloride from the dilute methanol] yielded the 
methyl ester, m.p. 126°-126.5°C uncor., or from dilute ethanol the ethyl ester, m.p. 
99°-99.5°C uncor. The analogous behavior of pentaethylbenzenesulfony! chloride was 
reported during the progress of this work by L. I. Smith and C. O. Guss (J. Am. Chem. 
Sac. 62, 2634 (1940)]. 


Analyses 
Formula Nitrogen %, 
“Caled. Found 
CioHisOzNS 6.57 6.62 6.78 


Ci:Hi,0.NS 6.16 6.45 6.34 
CraH 1s02NS 5.80 6.05 6.02 
CiaHipO2NS 5.80 5.59 5.63 
CisHa302NS 5.20 5.51 5.62 
CisH2,02NS 4.94 4.90 491 
CigHi;O,NS 5.85 5.85 5.93 


* Reprinted from E. H. Huntress and J. S. Autenrieth, J. Am. Chem. Soc. 63, 3447 (1941). 
Copyright 1941 by the American Chemica] Society. Reprinted by permission of the copy- 
Tight owner. 
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4-1, Preparation of Sodium o-Chlorophenylsulfinate [72} 


NH, N, + HSO, 50,Na 
cl cl cl 
gr 
—s SO: NaOH 
+ NaNO, + HS0, - Cy mee i | 
(86%) 
(38) 


To a flask containing 25 gm (0.196 mole) of o-chloroaniline is added 600 gm 
of 30%, sulfuric acid. The solution is cooled to 0°C and a 20%, sodium nitrite 
solution is added dropwise until about 700 ml have been added. As the 
diazotization proceeds the amine sulfate goes into solution. To the latter 
solution is added an ice cold solution of 100 gm of concentrated sulfuric acid 
and 80 gm of water. Sulfur dioxide is bubbled into the solution until there is a 
net gain in weight of the solution of 15 gm/100 ml solution. At this point cop- 
per bronze is slowly added to the solution at 0°-5°C while sulfur dioxide is 
being bubbled into it. When the nitrogen evolution ceases, the addition of 
copper bronze is terminated. The solution is filtered, and the precipitate is 
stirred into 400 ml of 10% sodium carbonate solution. The reaction mixture is 
filtered, acidified, and the crude sulfinic acid is redissolved in the calculated 
amount of sodium hydroxide. The solution is evaporated to yield 38 gm (86%) 
of sodium o-chlorophenylsulfinate. 


4-2, The Friedel-Crafts Method—Preparation of Sodium p-Fluorophenyl» 
sulfinate Dihydrate |80| 


F F 
+ AlCl, + CS, “S. TH. -H,0 (39) 
$0,Na 


To a flask at 0°C containing 15 gm (0.113 mole) of anhydrous aluminum 
chloride and 10 gm of fluorobenzene in 25 ml of carbon disulfide is added dry 
hydrogen chloride gas in order to saturate the mixture. Dry sulfur dioxide is 
bubbled in until the aluminum chloride turns to a green oily layer. On stand- 
ing overnight, the latter crystallizes at room temperature. The mixture is 
decomposed by pouring into 200 ml of ice water containing 70 ml of 20% 
sodium hydroxide and digesting on the steam bath for 1: hr. The mixture is 

_ filtered and the soluble aluminum salts are precipitated by passing in carbon 
dioxide. The mixture is filtered and concentrated to 50 ml at which point 12.7 
gm of pure salt separates, Upon further concentration an additional 17.0 gm 
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precipitates to give a total yield of 75%. The product is recrystallized from hot 
water to give glistening diamond-shaped crystals of the dihydrate. 


Reducing sulfonyl chlorides with zinc and hot water yields the zinc salts of 
sulfinic acid [81, 82]. Good results are also obtained by reducing sulfonyl 
halides with sodium sulfite solution [83]. 


4-3. Preparation of p-Chlorobenzenesulfinic Acid |72] 


a€ \-so + Na,SO, —— 
a{ \-son pLbey ot \-sou (40) 


Toa flask containing 630 gm (5.0 moles) sodium sulfite in 2 liters of water at 
70°C is slowly added with vigorous stirring, 194.5 gm (1.0 mole) p-chloroben- 
zenesulfony! chloride. The reaction mixture is kept at 55°-60°C for 5 hr, 
acidified with concentrated HCl, cooled, and filtered to yield 141.0 gm (80°%) 
of p-chlorobenzene sulfinic acid in three successive crops. 


Alkane sulfinic acids have been prepared by reacting the alkylmagnesium 
halides with sulfur dioxide at --5°C [77]. The reaction mixture is hydrolyzed 
to the free sulfinic acid with sulfuric acid and then immediately extracted with 
ether. 

Several C,,~C,, alkancsulfinic acids were prepared by this method and it 
was observed that the free sulfinic acids are unstable and decompose in a few 
days [84]. Some results are given in Table III. 


TABLE UI 
ALKANESULFINIC ACIDS RSO.H* 


Decane Yieldof = Mp. Analyses (7%) 
id °C: 
yer fom ee) = Carbon Hydrogen Sulfur 
(%) Caled. Found Caled. Found Caled. Found 
1-Tetra- 65.5 48°-48.4° 64.12 64.46 = 11.43 11.51 12.2 12,06 
1-Hexa- 58 54°-55° 66.21 65.90 11.71 11,58 11.05 (LIS 
1-Octa- 69.2 60°-60.5° 67.92 67.68 11,94 12.14 10.05 10.20 


« Reprinted from C. S. Marvel and N. A. Meinhardt, J. An. Cheat. Soc. B59 
(1951). Copyright 1951 by the American Chemical Socicty. Reprinted by permission of 
the copyright owner. 


§22 21. Sulfonic Acids, Sulfonic Acid Derivatives, and Sulfinic Acids 


Recently it has been reported that 1,4-butanedisulfinic acid can be obtained 
in a stable crystalline form [85]. As mentioned earlier the lower aliphatic 
monosulfinic acids were found to be unstable [84]. Surprisingly it was found 
that 1,3-propanedisulfinic acid, 1,5-pentanedisulfinic acid, and [,10-decane- 
disulfinic acid are unstable and disproportionate on heating [85]. 


4-4. Preparation of 1,4-Butanedisulfinic A .d 85] 
CiSO,CHz—CH2—~CHs—CH,SO,Cl + 2 Na2SO; —> 
Hcl 
NaSOz--CHa(CHa)e—CH2S0.Na ——~> HSO2CH»(CHa)zCH2SO:H = (41) 


To a flask containing a solution of 26.5 gm (0.21 mole) of sodium sulfite and 
36.1 gm (0.43 mole) of sodium bicarbonate in 100 ml of water, is slowly 
added over a 1 hr period 25.5 gm (0.1 mole) of 1,4-butanedisulfonyl chloride 
[86] while stirring at 45°-S0°C. Afterwards the solution is stored at 70°-80°C 
for 2 hr, cooled to 50°C, and filtered. The filtrate is cooled to 5°C, filtered 
again to remove inorganic salts, and acidified with 19 ml of concentrated 
hydrochloric acid. A colorless precipitate forms which is filtered and stirred 
with 30 ml of water at room temperature. The crystals are filtered and dried 
under reduced pressure to yield 11.25 gm (60.3%), m.p. 124°-125°C. The 
infrared absorption spectrum shows the characteristic absorption band at 
1047 cm~+ and none at 1176 cm~? indicative of the sulfonic acid group. 

The disulfonyl chloride is prepared by oxidative chlorination of the cor- 
responding diisothiuronium salt [86], using the method of Sprague and 
Johnson [87]. 


5. MISCELLANEOUS METHODS 


(1) The sulfochlorination of paraffins [88, 89]. 

(2) The cleavage of sulfides and sulfones to give sulfinic acid [90]. 

(3) Alkene sulfonic acid via alcohol-H,SO, or from oxiranes and NaHSO, 
[91]. 

(4) The reaction of cyclohexene with dioxane-SO, complex to give cyclo- 
hexenesulfonic acid [92]. 
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Chichibabin reaction, 354 
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DeBoer and Backer method, 389-390 

Dehalogenation of dihalides, 46 
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Delepine, reaction, 330-331 

Demjanov rearrangement, 96 
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decomposition of, 393 
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Diazo compoundds, safety precautions, 389 
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4, 4’ - Dihydrazinooctafiuorobipheny], 369- 
370 
2,5-Dihydroethylbenzene, 58 
N.- (1, 1 + Dihydroperfiuorobutyl) acryla- 
mide, 278 
1,1-Diisobutylhydrazine, 376 
Diisocyanates, 305 
N,N’-Diisopropyifumaramide, 296 
B-Diketones, 185 
Dimesity! sulfone, 503 
Dimethylacetophenones, 178 
N,N-Dimethylalkylamines, 325 
Dimethylamides, 273 
2-(N,N-Dimethylamino)-5-methytbenzal- 
dehyde, 148 
3,4-Dimethylaniline, 351 
N,N-Dimethylbenzamide, 281 
3,5-Dimethyl-2-fluoro-1-bromobenzene, 138 
Dimethylformamide, in nitroalkane prepa- 
ration, 423, 425-426 
2,3-Dimethytheptanoic acid, 202 
2,2-Dimethyl-I-hexanol, 84 
Sach hee Pane 
2,3-Dimethyinaphthaquinone, 173 
N,N-Dimethyl-(+)-neomenthylamine, 325 
N,N-Dimethyl-{ +)-neomenthylamine meth- 
iodide, 325 
2,2-Dimethy1-3-pentanone, 188-189 
3,3-Dimothy!-2-pentanone, 188-189 
2-(2,4-Dimethylpheny}ethanol, 86 
Dimethyipheoylethanols, 89-90 
Dimethylstyrenes, 38 
Dimethyl! sulfoxide 
health hazards, 461 
in nitroalkane preparation, 423, 425-428 
6,7-Dimethyitetralin, Jacobsen reaction of, 
15 
Dimsy! sodium, 214-215 
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2,4-Dinitrobromobenzene, 439 
Dinitrogen tetroxide, 413 
purification, 413-414 
2,4-Dinitro-1-naphthol, 444-445 
Di-p-nitrophenylacetylene, 73 
2,4-Dinitrophenylhydrazine, 369 
Diphenic acid, 206 
Diphenylacetylenes (tolanes), 67-68, 72 
Dipheny] disulfide, 490 
Diphenylketene, 182-183 
Dipropylacetamides, N-substituted, 276 
Disiamylborane, 150 
1,2-Distyrylbenzene, 49-50 
1,1-Disubstituted hydrazines from N- 
nitrosoamines, 374-375 
Disulfides, 489 
1,4-Dithiane-I-oxide, 497 
Dithiocarbamate, 312-313 
Dithiols, general preparative procedure, 
482-483 
N, N'- Di (trifluoroacetyl) - meso - 2,6 - di- 
aminopimelic acid, 284 
Duff reaction, 160 
Durenesulfonic acid, 510-511 


E 


Elbs reaction, 25-26 
Enamine, preparation of, 358 
Enzyme reactions, 240 
Epichlorohydrin, (see 2,3-Epoxy-1-chloro- 
propane 
Epichlorosulfide, 488 
Epoxides, 105, 109 
elimination reactions, 109 
2,3-Epoxy-1-chloropropane, 107 
2,3-Epoxy-trans-decalin, 111 
2,3-Epoxy-1-propanol, 109 
Eschweiler~Clarke reaction, 325, 346-347 
Ester-amides, 288-289 
Esters 
alkylation reactions, 257 
esterification catalysts, 248 
hydrolysis, 230-231 
interchange catalysts, 253-254 
Etard reaction, 150 
Ethers 
elimination reactions, 108-109 
oxidation to esters, 262 
Williamson synthesis, 101 
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Ethyl acetoacetic ester synthesis, 223-224 

2-Ethylaniline, 344~345 

p-Ethylbenzyl acetate, 253 

Ethyl-n-butylmalonate, 221-222 

a-Ethylbutyrolactone, 259 

Ethyl chlorocarbonate, 284 

a-Ethylcinnamaldehyde, 54 

Ethyl cinnamate, 220 

2-Ethylcyclohexanone, 175 

N- Ethyl - 1,1 - dihydroheptafluorobutyla ~ 
mine, 337 ; 

Ethyl N,N-dimethylmalonate, 289 

Ethylene carbonate, 85 

Ethylene cpisulfide, 497-498 

Ethylethylenediamine, see 
ethylenediamine, 

Ethyl-a-ethyl-c-hydroxybutyrate, 259 

Ethyl-4-ethyl-3-hydroxy-2-octanoate, 227 

a-Ethylglutarimide, 285 

a-Ethyl-n-hexanol, oxidation of, 200 

B-Ethyl-n-hexanol, oxidation of, 200 

Ethylhydrazine, 368 

Ethyl 6-Hydroxyhexoate, 262 

1-Ethy]l-2-isopropylhydrazine, 377-378 

Ethyl 8-methylaminopropionate, 334 

Ethyl «-nitro- 2-carbethoxy- f-(3-indole)- 
propionate, 432 

Ethyl x-nitrovalerate, 428 

N-Ethylperfluorobutyramide, 286 

Ethy] stearate, 6, 90 

1-Ethynyl-1-cyclohexanol, 69 

Ethynylation reactions, atmospheric pres- 
sure, 71 

1-Ethoxy-2-propanol, 105 

EXR-101, see Bis(N-methyl-N-nitroso)- 
terephthalamide 


Monoethyl- 


F 


Favorskii rearrangement, 66, 263 
Fluorene 9-carboxylic acid, 214 
Formyl fluoride, 158 
3-Formylindole, 158-159 
Forster reaction, 406 
Friedel-Crafts reaction, 78, 156, 176, 178, 
216, 264, 520-521 

catalysts, 13-14 

with cyanogen chloride, 471 

limitations, 13 

with sulfonyl halides, 500, $03 
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Fries reaction, 88, 178 
Fulminates, structure, 303 
Furoic acid, 201, 211 
N-(4-Fury!)benzamide, 294 


G 


Gabriel synethesis, 291, 331-333 
Gattermann reaction, 156-157 
Gattermann-Koch reaction, 156 
Glycidol, see 2,3-Epoxy-1-propanol, 105 
Glycidyl benzoate, 106 
Glycols, oxidation, 148 
Gramine, 432 
Grignard reaction, 15, 78, 156, 159, 212-214 
acetylenic, 70 
with chloromethyl! methyl ether, 139 
coupling, 20-22 
with cyanogen chloride, 471 
with isocyanates, 294 
with sulfonyl chlorides, 500 
Grundmann reaction, 148-149 
Guerbert condensation, 95 


H 
Halides 
reaction with salts of carboxylic acids, 252 
reduction of catalysts, 11-12 


Hatoalkylation reactions, 123 

Haloform reaction, 207-208 

Halogenation reactions, reagents, 127 

Hayashi rearrangement, 239 

Hell-Volhard-Zeiinskii reaction, 136 

Heptaldehyde, 151 

n-Hepta carboxylic acid, 200 

Heptanentile, 457-458 

2-Heptanone, 184 

Heptyl tosylate; oxidation of with dimethyl 
sulfoxide, 151. 

1,4-Hexadiene, 45-46 

2,4-Hexadiyne-1 ,6-diol, 73 

Hexamethylbenzene, 23 

Hexamethylbicyclo [2.2.0] - 2, 5- hexadiene, 
52-53 

Hexamethyl-Dewar benzene, see Hexa- 
methylbicyclo[2.2.0]-2,5-hexadiene 

n-Hexane, 4 
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1-Hexene, 57 
1-Hexene oxide, 110 
2-Hexenoic acid, 220 
2-Hexanol, 93 
n-Hexyicyclopropane, from the Simmons 
Smith reaction, 18-19 
r-Hexy] isocyanate, 309 
Hoesch synthesis, 190 
Hofmann aikylation, of ammonia and 
amines, 41, 320 
Hofmann degradation, 309 
Hofmann-Léffler reaction, 357 
Hofmann rearrangement, 349-350 
Homophthalic acid, 204 
Hydrazide, polymeric, 381 
Hydrazines 
alkylation of, 367 
summary of synthesis methods, 364-365 
Hydrazine hydrate, catalyzed reduction with, 
341 
Hydrazones, oxidation to diazoalkanes, 398 
Hydrides, reduction of carbonyl compounds 
and oxiranes to alcohols, 89 
Hydroboration reaction, 57, 94 
for amine preparation, 329-330 
Hydrochloration of alcohols or olefins, 
apparatus, 121 
Hydrochlorination of olefins, 120-122 
Hydrochlorination of tertiary alcohols, 
examples, 119 
Hydroformylation reactions, 264 
Hydrosulfides, reaction with alkyl halides, 
480 
Hydrotropaldehyde, 161-162 
Hydroxylamine-O-sulfonic acid in hydra; 
zine synthesis, 374 
N-(2-Hydroxyethyl)acetamide, 289 
B-2-Hydroxyethyl naphthyl ether, 85 
Hunsdiecker reaction, 136, 139-140, 253 
modified, 140 


Imides, 285 

Ing and Manske, modification of the 
Gabriel reaction, 331-333 

Interfacial polycondensation, 280 

Todine isocyanate, 141 

2-Todoformanilide, 290 


374 


Iron, activation of for reduction of nitro 
compounds, 339-340 
Isobutylene sulfide, 488 
lsobuty! ethyl ether, 104 
3Isobuty+2-heptanone, 185 
Isocyanates, structure, 303 
Isodiazomethane, 407 
Isonitriles, 475 
Isophorone oxide, 111 
Isophthalic acid, 210 
Isopropenyl acetate, 289 
Isopropeny] esters 
for acylation of amines, 289 
in tertiary amide preparation, 292-293 
Isopropyl chlorocarbonate, 282-283 
1- Isopropyl - 1 -(2 - morpholinoethy]) - 1 - 
phenyl-acetonitrile, 466-467 
p-lsopropylphenol 
by the hydrolysis of p-isopropyldiazonium 
sulfate, 82 
by the potassium hydroxide fusion of 
sodium cumenesulfonate, 83 
Isothiocyanates, structure, 303 
Svanov reaction, 239 


J 


Jacobsen reaction, 15-16 
Japp-Klingemann reaction, 383 
Jones—Weedon reaction, 164 


K 


Kaluza reaction, 313 
Karrer reaction, 163 
Ketenes 
condensation 
with enamines, 180-181 
with vinyl ethers, 179 
Preparation, 182-183 
Ketones 
halogenation, 134-135 
oxidation of, 205 
to esters, 262 
B-Keto sulfoxides, 187 
Kindler synthesis, 239 
Kishner eliminative reduction of halo- 
ketones, 59 
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Knoevenagel condensation, 53, 219-220, 
465-466 

KGnig’s salts, see Azomethinium salts 

Kolbe reaction, 2 

Kolbe-Schmitt reaction, 215 

Krohnke reaction, 163 


Lactones, 208 

Leuckart reaction, 59, 345-346 

Lithium acetylide ethylenediamine, 69-70 

Lithium aluminum hydride, note on hazard, 
337 

Lithium nitride, 278-279 

Lithium reagents, 213 

Lithium triethoxyaluminum hydride, re- 
duction of nitriles, 153 

Lossen rearrangement, 309 


M 


Malonic ester synthesis, 221-222 

Manganese dioxide, 147 

Mannich bases, conversion to nitriles, 472 

Mannich reaction, 41, 335-336, 412 

Markovnikov hydration, examples, 92-93 

Markovnikov rule, 78 

Martius yellow, 344, 444.445 

McFayden-Stevens reaction, 162-163 

Meerwein condensation, 54 

Meerwein - Pondorf - Oppenaur - Verley 
reduction, 80, 90-91 

I-Methonce, 172 

Mercaptans, 478 

Mercaptylation of olefins, 487 

N-Methacrylamide, 277 

Methane, 12 

4-Methoxybenzonitrile, 457 

trans-2-Methoxycyclohexanol, 105 

-Methoxydiphenylacetylene, 72 

a-Methoxyisobutyric acid, 232-233 

6-Methoxy-2-nitrobenzamide, 295-296 

N-(2-Methoxy-4-nitrophenyl)benzoylaceta~ 
mide, 288 

2-(4-Methoxypheny!)-N-methylacetamide, 
291 
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p-Methoxyphenylacetic acid, 209 

Methyl acetate, 249 

«-Methylaliy] methyl sulfide, 486 

a-Methylallyl phenyl sulfide, 486-487 

N-Methylanilides, 155 

a-Methylbutyric acid, 213 

Methyl 2-chloro-3-nitropropionate, 420-421 

1-Methylcyclobutylamine, 333-334 

2-Methylcyclohexanone, 174 

4-Methylcyclohexanone, 171 

trans-2-Methylcyclohexylamine, 330 

trans-2-Methylcyclopentanol, 94 

Methyl 2,3-dichloropropionate, 421 

N-Methyldihydropyran-2-methylamine, 323 

2-Methyl-endo-norborneol, hydrochlorina- 
tion of, 122-123 

Methylenecyclohcxane, 48-49 

Methylenediamine, see Monomethylethyl- 
enediamine, 

5-Methylhexanoic acids, 203 

Methyl hydrogen phthalate, 252 

1-Methylindole, 329 

1-Methyl-2-Isopropylhydrazine, 371 

Methyl —_1-methylcyclohexanecarboxylate, 
263 

Methyl neopenty! ketone, 173 

2-Methy!-3-nitrocinnamic acid, 219 

N-Methyl-N-nitrosoacetamide, 393 

N-Methyl-N-nitroso-p-toluenesulfonamide, 
decomposition of, 389-390 

1-(Methyl-3-phenylpropyl)piperidine, 345- 
346 

w-(Methylsulfinyl)-acetophenone, 187 

1-Methyl-2p-tolyl)piperidine, 346-347 

Michael condensation, 257, 334, 412 

Michaelis-Arbuzov reaction, 50 

Mixed acids, 437 

Monoacetylated diamines, 288-289 

Monoacetylethylenediamine, 288 

Monoethylethylenediamine, 328-329 

Monomethylethylenediamine, 327-328 

Monothiols, general preparative procedure, 
482-483 


N 
1-Naphthol-2,4-disulfonic acid, 444-445 


1-Naphthonitrile, 462-463 
N-(a-Naphthylacetamide, 290 
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Nechexane, 20 
Nitration 
of aromatics, substituent effects, 439-441 
direct, 412 
of substituted benzenes, isomer distri- 
bution, 414 
summary of methods, 423-424 
Nitric oxide, in nitration of olefins, 415 
Nitrile oxides 
aromatic, 475 
structure, 303 
Nitriles 
acidic hydration of, 294-295 
alkaline hydration with hydrogen perox- 
ide, 295-296 
hazards and safe handling practices, 455 
hydrolysis, 229-230 
reaction with alcohols, 260 
reduction of, 338 
reduction to aldehydes by various cata- 
lysts, 152-153 
m-Nitrobenzoic acid, 231-232 
4-Nitrobenzonitrile, 469-470 
p-Nitrobromobenzene, 140, 438 
3-Nitro-2-butyl acetate, 417 
N-(2-Nitrobutyl)diethylamine, 436 
Nitro-7-butyl methyl ether, 103 
P-Nitrochlorobenzene, 137 
Nitro compounds, 
aromatic, handling preparation, 437-438 
explosive hazards, 414 
Nitrocyclohexane, 413 
2-Nitrocyclooctanone, 422-423 
1-Nitrocyclooctene, 414-415 
4-Nitrodiphenyl, health hazard, 437 
4-Nitroheptane, 429-430 
Nitromethane, 428 
4-Nitro-4-methylheptadiamide, 435 
Nitronium tetrafluoroborate, 443 
1-Nitrooctane, 425 
2-Nitrooctane 
preparation in DMF, 426-427 
preparation in DMSO, 427-428 
1.(4-Nitrophenyl)cinnamonitrile, 465-466 
p-Nitrophenyl isocyanate, 306 
p-Nitropheny]l isothiocyanate, 314 
“Nitrosite rearrangement” 415 
N-Nitroso-N-alkylurethane 
decomposition of, 393-394 
health hazard, 394 
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N-Nitroso-f-alkylaminoisobutyl ketones, 
396-397 

Nitroso compounds, oxidation of, 447 

2-Nitro-2,4,4-trimethylpentane, 430-431 

Nitryl chloride, 420 

preparation of, 421 

Nonylamine, 349-350 

3-Nonyne, 69 

6-10 Nylon, 
sebacamide) 

Nylon rope trick, 280 


fe) 


see Poly(hexamethylene- 


1-Octadecanol, 90 
n-Octaldehyde, 149, 152 
n-Octane, 12 
1-Octanol, 85 
n-Octyl mercaptan, 483 
2-(n-Octyl)naphthalene 
from the Clemmensen method, 10 
frorn the Huang-Minion method, 10 
1-Octyl nitrite, 425 
2-Octyl nitrite, 427-428 
Oleamide, 290 
Olefins, 34 
addition of bisulfites, 513 
addition of halocarbenes, 132 
addition of halogenated compounds, 129 
130 
condensation with alcohols to give ethers, 
102-103 
hydroboration method and apparatus, 3-8 
hydrochlorination examples, 131 
oxidation 549, 202 
ozonization, 173, 203-205 
peroxidation of, 110-111 
reduction of catalysts, 3 
Oppenauer oxidation, 147-148, 174-176 
Organometaltic reagents, carbonation of, 
212-214 
Oxalyl chloride carboxylation reaction, 217— 
218 
Oxidation with oxygen, 201 
Oxides, condensation with alcohols to give 
ethers, 102, 104-105 
dehydration of, 456-457 
Oxiranes, see Epoxides, 105 
3-Oxo-2,2-diphenylcyclobutyl acetate, 183-~ 
184 
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Oxy-Cope rearrangement, 189 
Oxymercuration of olefins, examples, 92 


P 


Pelargonic acid, 222-223 

2,3-Pentanediol, 83 

Pentanenitrile, 461 

2-Pentylhydrazine, 374 

1-Pentyne-3-ol, 71 

Peracids, 110 

Perkin condensation, 53, 218-219 

Peroxytrifluoroacetic acid, preparation of, 
429-430 

Phenanthridone, 296 

9-Phenanthroic acid, 229-230 

Phenol, 91-92 

Phenoxybenzene-4,4’-disulfony! chloride, 
517 

B-Phenoxyethanesulfonic acid, 512-513 

Phenyl benzyl sulfone, 503 

e-Phenylbutyric acid, 230 

Phenyl cyanate, 304 

2-Phenyicyclohexanone, 171 

Phenyldiazomethane, 390-391 

2-Phenyl-3-(2'-furyl)propionamide, 283 
284 


Phenylmagnesium bromide, 91 
Phenylmethylglycidic ester, 108 
Phenylsodium, 214 
Phosgene 
carbxylation reactions, 218 
safety suggestions, 306 
Phosphoramidate anion 
decomposition to isocyanates, 308 
decomposition of isothiocyanates, 315 
Pinacol-pinacolone rearrangement, 188-189 
f-Pinene, 6 
Pivalaldehyde, 153 
Polyacrylic hydrazides, 381-382 
Polythexamethylenesebacamide), 280-281 
Polyimide resins, 286 
Polymers 
hydrocarbon, 16 
polymerization methods, 16-17 
Polynitrostyrene, 449 
Polypeptide synthesis, 273 
Polystyrene 
from emulsion polymerization, 17 
from thermal polymerization, 16 
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Poly(styrenediazonium chloride), 404 

Poly(p-xylylene)sulfone, 502-503 

Potassium - 1 - methylnaphthalene - 4-sul- 
fonate, 511 

Prevost reaction, 253 

Prins reaction, 79, 265 

Propionaldehyde, 146 

Propyne, 66 

Pschorr synthesis, 22, 238 

3-(2-Pyridyl)acrylic acid, 226 

Pyromellitoy! chloride, 124 


Q 


Quaternary ammonium salts, reduction of, 
326 
Quinones, oxidation of, 205 


R 


Raschig hydrazine synthesis, 372-373 
modified, 372-373 

Reactor, continuous, 286-287 

Reformatskii, 78-79, 186, 227-228 
reaction in B-hydroxyamide preparation, 

293 

Reimer-Tiemann reaction, 159-160 

Reissert reaction, 475 

Resorcylaldehyde, 157 

B-Resorcylic acid, 215 

Ritter reaction, 296, 321, 333-334 

Rosenmund reduction, 154 


S 


Sandmeyer reaction, 136-138, 445, 462-463 
Schiemann reaction, 136-138 

Schiff bases, 160, 337 

Schmidt rearrangement, 297, 309, 350-351 
Schotten—Baumann reaction, 279, 327, 390 
Semidines, 348 

Silver cyanate, 307 

Silver nitrite, preparation of, 425 
Simmons-Smith reaction, 18-19 

Simonini reaction, 253 

Sodium acetylide, 68 

Sodium benzenesulfonate, 509 
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Sodium borohydride, 89-90 
Sodium o-chlorophenylsulfinate, 520 
Sodium-p-fiuorophenylsulfinate dihydrate, 
520-521 
Sodium hydrosulfite as a reducing agent, 
343 
Sodium isoamy] sulfonate, 513 
Sodium-4-phenoxybenzenesulfonate, 511 
Sodium reagents, 214 
Sodium «-sulfopalmitate, 515 
Sommelet reaction, 150-151 
Sonn-Miller reaction, 155 
N-Stearoylsuccinimide, 292-293 
Stephen reaction, 152-153 
trans-Stilbene, 50 
Stobbe condensation, 220 
Strecker synthesis, 225, 512-513 
Sulfides, 486 
oxidation to sulfones, 501 
preparative methods, 486 
reaction with alkyl halides, 480 
Sulfinic acids, alkane sulfinic acids, examples 
of, 521 
Sulfonic acids 
derivatives 516-519 
reaction of sulfuric acid and its derivatives 
with aromatic hydrocarbons, 507 
«-Sulfopalmitic acid, 515 
Sulfoxides 
general procedure of sodium metaperio- 
date oxidation, 496 
oxidation to sulfones, 501 
from sodium metaperiodate oxidation of: 
sulfides, 493-496, 
Sulfur tetrafluoride, reaction with carbonyl 
compounds, 136 
sulfur trioxide 
addition compounds as sulfonation re- 
agents, 514 
formation of sulfonic acids, 514 


T 


Terephthalaldehyde, 161 

Terephthalic dihydrazide, 380 

Tertiary amines, cyclic, 326 
1,1,2,2-Tetracyanoethylene, 474 
1,1,3,3-Tetracyanopropane, 466 
1,1,2,2-Tetra(4-fluorophenyl)hydrazine, 379 


378 


Tetrahydrophthalic anhydride, 228-229 
cis, 56 

Tetramethylene sulfone, 501 

Tetramethylene sulfoxide, 496-497 

Tetranitromethane, 419, 445-446 

as nitrating agent, 445-446 

Thiourea, reaction with active halides, 481 

Thiocyanates, structure, 303 

3-Thiocyanoacrylamide (cis- and trans- 
isomers), 311 

3-Thiophenealdehyde, 151 

Thiophosgene, 313 

Tiffeneau rearrangement, 15 

Tischtschenko reaction, 261 

Tollens hydroxymethylation reaction, 79 

Tolualdehyde, 158 

Toluene, 25 

p-Toluenesulfonic Acid, 509-510 

o-Toluic acid, 198 

p-Tolyacetylene, 67 

p-Tolyldiazonium chloride, 25 

Tosylates, as alkylating agents, 322-323 

Transamidation reactions, 289 

4,4',4"-Trichlorotribenzamide, 279 

1,3,5-Triethylbenzene, 14 

1,1,1-Trifluoro-2-diazopropane, 397 

Trihalides, hydrolysis, 230, 232-234 

1,1,1-Trihalomethy! derivatives, hydrolysis, 
232-233 

Trimellitic anhydride acid chloride, 126 

Trimellitoyl chloride, 126 

Trimesoyl! chloride, 125 

Trimethylacetic acid, 205 

Trimethylbenzyl alcohol, 81-82 

2,2,3-Trimethylbutane, 11 

N,N,N-Trimethylhydrazonium salts, de- 
composition of, 458-459 

2,2,2-trinitroethanol, 433-434 

Triphenylmethyl ethyl ether, 101 

Triphenylmethyl mercaptan, 480-481 

1,1, 1-Tris(2-cyanoethyl)acetone, 469 

1,1,1-Tris (hydroxymethyl) -2-methylpro- 
pane, 95 


U 


Ullmann condensation reaction, 21, 102, 
112, 238 
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Undecyl thiocyanate, 310 
Urethanes, 308 


v 


Valeronitrile, see Pentanenitrile, 461 
Victor Meyer reaction, 424 
Vilsmeier~Haack reaction, 156, 158-159 
Vinylation of amino compounds, 354 
Vinylation reaction, use of acetylene, 51 
Vinyl caproate, 255 

Vinyl chloroacetate, 51-52 

Vinylidene cyanide, 466 

Von Peckmann method, 393~394 

Von Richter reaction, 235 


WwW 


Willgerodt reaction, 24, 209-210 
Kindler modification, 209 
Schwenk and Block modification, 209 

Williamson synthesis, 101, 238 

Wislicenus nitration, 422 

Wislicenus synthesis, 239 

Wittig reaction, 48-50, 164, 190, 238 

Wolff-Kishner method, 9-10 
Huang-Minion modification, 9-10 
steric effects, 9 

Wolff rearrangement, 297 

Wurtz reaction, 20, 55, 213 


x 


Xanthates, hydrolysis, 484 


Zz 


Zemplen degradation, 164 
Ziegler cyclization, 186 
Ziesel method, 139 
Zinc-copper complex, 18-19 


